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Annual Report of thij OLOLoaiCAL Slkvi r oy Ini>i\, and op ihe Gbolooioal 
Musuum, Calcuita, for the tear 1879* 

In the Fenlmular a)ea there were five survey parties at work during the field 
season of 1878-79 

As announced in the annual report for 1878, Mr. Footc took up now ground 
S India . south of Trichinopoly, to trace out in that direction 

Mr. Fooie. any remnants of the deposits of various ages already 
known along the coastal rf gion to tlio noHh. He carried his work through the 
Pudukotai State to the latitude of Madura, but nothing of interest was found. 
The irregular boundary of the gneiss occurs at a di6tan6flfj|0f about 35 miles from 
the coast, and the inter veuing ground is princijially occupied by the lateritio ; 
forinatioi', overlying and closely connected with the Cuddalore-sandstone groups 
fir4 described by Mr. ]l. F. Blanford in the Trichinopoly area. Its exact ago is 
still undetermined — ^jirobably older tertiary. The laterito overlaps it to the west, 
and rests on the gneiss, Mr. Foote’s account of this ground is published in the 
August number of llie Records. 

Mr. Foote’s map and description of the North Arcot district, published in the 
Records for November, were compiled from observations made many yeax’S ago 
by himself and other members of the Survey. 

In the Pranhita- Godavari area, besides the general extension of his survey of 
Godavari : f Gondwana rocks of that basin, Mr. King has fairly ; 

^ Mr. King. succeeded in maintaining a distinction of upper and lower 
in the Kota-Maleri series, so far as established by overlap, which is still the prin* ‘ 
cipal feature of unconformity between the several groups of the Gondw4na | 
system. Within the local basin we are indeed still unable, as was shown by 
Mr. Hughes (Records, XI, page 29), to deno^aToate the groups closely, but Mif. | 
King hf^ found that to the south there ax'e no roprosontatives of the Maleii I 
between the Kota beds and the girouoha saudatoue, which he now reoC|pKlM‘IW 
belonging to the K&mthis (lower Gondwdnas). The conjectured I 

the peculiar fossils of the two sones has not been confirmed, so as to 1 

stratigrapbical indication; and ihus the original distinction indioo^d^^M the 
liassio fossils of the I^oin beds and the rhmto^triassio f<wVsils of illn 
stands for the present eonfirSsed. (See Pah Ind*i Ser. XV> S ; I 
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lij coni i miaiioii 'wtbiwa Tils of Mr. Ball's hiirvoy of tlio Aiirunga and Ilutar 
Son Hasin. coal-fields (Moiuuirs, XV, Pt. 1), Mr. Griesbach, during 

Mr, Orieihach, last field scohon, mapped and described sonio 000 Hquni*o 

miles of Gondwdna rocks in Bam kola, between Tafcap/iui and tlie Rer river (his 
Memoir is now ni jn’oss, as Pait 1 1 of Vol XV) I’his ground is ih(* (»astei*nni()St 
prolongation of the great central area of South B(‘wah or the Son, extending 
Wi st wards to near Kutiii on the Jabalpur railwa}, and south-eastwards into the 
^lahanadi basin, to ne‘ar Samb}il]>ur. 

In the report for last 3<‘ar J gave a bri<‘f discussion, basisl upon Mr Ball's 
d<'seription, ot the btratigi’iijihical featur(‘S of this I'cgion as th(» transition gToiiial 
beiwoeii the well-marked divisions of the lower Gondwdria series in the Dainiida 
valley and the conditions found in tlie niidliind areas, when' tlie liigla i gioiqis 
of tlie lower Qondwarias, as in tlie Kamtlii and Ilingir bods, exhibit more the 
petrological (*haraeters of the np]ier part of the seru's Tt si'omed as it in the 
ITntir fi(‘ld and locally in the Anrungn held, we already had this condition (st.ih- 
lished ; and! poiiiti'd out that we only awaited the discovery of lower Gundw/ma 
fossils in tla oveil} mg sandstoiK' here to make certain of it, and hence to diaw 
some important inferonceb regarding the horizon of the to]) sandstone (“iipjx.* 
Panchet”) of the Daniuda fi<‘lds It see'ms, howi'ver, ilait we shall have to look 
fartluT west, within the midland ai(‘a itself, tor the tacts of this strutigia])hje*d 
change. Mr. Griesbach has traced a Uuniganj group, with good fossil chai uti is, 
and n Panchet group less distinct!}, at and west of Talapani; but tlusi' h.ne hun 
r(»elaimcd chiefly from the low-lying oiitciops pievionsi} siijiposed to he all (»l the 
Baraka r group, — not from the iiill-foi'mmg sandstone, from which the up[Kr 
(P Paiicliot) beds arc not easily separable. Mr. Ball gave in his map of the 
liuiitr field an indication of the poshible position ot an intermediate gionj). 

A pidncipal object in sending Mr. Griesbach at once to a t.>j>ieal Gondwma 
firoa was, as mentioned in last annual report, that he might elucidate the siqiposed 
simiJarity botwoen those rocks and the Karoo formation of South Afiica; m- 
doed this object was of much weight in recommending his ai»pointnient to tlio 
Survey. In' this respect his monioir on the Ramkola coal-fields will Ix' found 
disappointing, the more so as it shows him to have considerable proficiency in tlio 
art of geological surveying* Mr, Griesbach has rosorved his observations on tins 
point for a still wider comparison in connoction with his more recent woik in tlio 
Himalayas, of which a notice will bo given in the Records for May. lie hn» 
verbally stajted that tlio Tdlohir bouldot bod bears a very strong resemblance to 
the iSooa beds of Natal, and his descriptions exhibit more strongly than any ;yei 
givC^ $omo of the glacial chara,cters of the boulder bod ; but he retrains from 
any of opinion pu this muoh^^voxed question. 

ft ^ that tho map of the Eamkola fields esJribita a free use af faults, 
therein other maps of etediar ground* The practice is quite legitimate , 

fatdte hcjhftg n oommon featnro in anoh rocks ; hat it is capable of abuse, and 
it has often to w that this limit has been passed in our descriptions 

of these , A mein boandaqr is representod as a fault, without 

a wdrd ^)i the inferenoCs that ifvotitd follow from the simple use of 

Ihult thu% as fcf ihc throw of this fault, that it amounts at least to the 
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total tJiickiH'ss of tlio ‘J'trala on tlio ilowntlu^nv hido No a prio)t objection ronid, 
indeed, be made on this count, lor faults ol v<*r} ^real throw art* fully established , 
it is the disorepancj of the fact >Nitb otlur fcafuns oi the desciijdion ilmt calls 
attiuitioTi Thus, ijiiTnedintoly «on the ujitlirow Bid(j of such a fault, or near it, 
putclu'S of the highest beds of llu* downthrow series may be seen rcHting on iho 
base-roek, wbich fact at onee makes tlio fault in its ptioidfitcio sMpect iiupossdde 
Wlun atieulion is called to this, the usual ('\]>lRTiation is, that the fault occurred 
b( lt»re that upjier group was deposited This ass(*rtion is not so easily disposed 
id, but T consider that in tlie cases before us it is in a groat measure diH])nscd of: 
It nia\, I think, be held ns iin]M)sMiblo that disturbance of sueb magnitude as is 
iinjihed by a fault of s(‘\enil thousand feet tJirow could take place bclw'cim two 
gioii])s of a stratitied seiios, and not produce far greater eHects of discord unco 
than luevt^as^fi heim observed between an^ groups of tbe Goudw'ana scries 1 
do not foigel tliat 1 liave' myself illustrated thecomjiatibilily of cornjilcte apjiarcnt 
cordoimity with synchronous great distnrhancoiiiihe iinmcdLite vicinity (Manual, 
pp hr>0-r>l) , hut that case rathiu* onf 01 CCS than invalidatoa the remarks 1 have 
just made- il tlu apparent disciepancy to wliich F have called at bmt ion wi re 
snsce[)til)Jc of an analogous interpretation, the notice of tlie feature as a simjdo 
t.iult would be none the less misleading. 1 would again invite luy eolhaguts to 
a nioie critical ationtion to thiur ‘faults' * an erronoons fault within the stiMtifusl 
s( 1 les may only lead to mistakes in calculating the position of any particular 
bid, but a Tinsi<ike as to the nature of a main boundary leads ns altogether 
id lay in judging of the original conditions of the formation, the discovery of 
winch is a jirincipal object of onr study Thus, for this Gondw ana tornmtion, 
it IS generally snjiposed to bo in the main of subacrial origin, by inin and rivers, 
and pu'suniably accumulates I upon au area of subacrial ewsion ; yet the ever 
ready iiitioeluetion of faults, pure and simide, at the limits of the basins, lea\o> 
this snp})Osition out of sight. 

In Katty war, which belongs to the peninsular area, on tbo southern confines 
Kaiivwab of the Arvali mctamorpliic region, Mr. Feddon completisl 

Mi, FMen. the Survey of some 1,900 square miles (sheets 24, 2h, and 
30) in continuation to the south of bis previous season's work, liesides making 
some preliminary travi^rses of adjoining grounds With the exception of a small 
inlieT of Upper Gondwaiia (Jurassic) rocks of iho Umia horizon near Mo wdsa, 
and very local outci'ops of a sandstone locally underlying the trap, but containing 
irappeati debris, the whole area is occupied by the groat eruptive formation, it 
is mostly stratified, having a slight inclination io the south* but huge dykes tra* 
verse it in various directions, forming prominent ridges across the low andolat* 
ing country. Terraces of the marine miliolitic litneHtono occur locally halfway 
up the sides of these ridges. The marble of local repute as Oondal 
is onlym^ irregular sparry vein in the trap, not more than 2| 
it ooculPat Khirsdra and Sajridli, 18 miles north-west of Dhoi4|i ^ 4 fttijN 
Bory visit was made to the famous Junugarh the volcanoJike 
of which was early noticed, but which wore said to be in part 6f 'j[»oissic 
or granitic rocks. The isolated central hill forming the sacred poM of' diriilr is 
a mass of thoroughly crystaUine rook, a grantdat compound of U dlM* pkigioolaso 
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felspar an<l a dark-green mineral principally, if not all, biotite, and it seems, in- 
deed, to be the core of a volcanic focus. The annular ridge surrounding Oirndr, 
outside a deep intervening valley, is largely made up of trach} tic dykes and 
bedded basaltic masses with a qiiaquavcrsal slope. 

In Unjpuiana Mr. Hackot added a veiy large area (more than 10,000 square 
JtAJFUTAKA: milos) lo lus provious survey of the Arvali region, ex- 

Mr, Backet, tending to iho south-west as far as Erinpura. The scat- 

tered position of the outcrops in a wide-spread waste of sand makes such a result 
possible. As soon as the area to the east of the range is filled in, up to the Yin- 
dliyan scarp near Bdndi, as Mr. Ilacket hopes lo accom]j]ish during the present 
field sca's.on, a connected account of this portion of the region, up to Delhi, can 
bo published. 

The Vindhyan strata were found to cover a large area to north and east of 
Jodhpur. Their most noWh-etistorly ontci'op is at Khdtu, 80 miles north- by- 
east from Sojat. They every’wherc rest flatly upon the old rocks — the gneiss, the 
fiaifilo schists, the Malani fclsites, or the Alwar quartzites. There is generally a 
thin hand of fine quartz conglomerate, or of gi'oen shales, quite unaltered, at the 
base, overlaid by pale fine sandstone like the Kainiur rock, to which buc(*ceds 
a red rock like the BLInrer sandstone. The whole varies in thickness from 
100 feet at Sojat lo 350 foot at Kidtu. There is sometimes a conglomerate 
between the two types of sandstone. Cherty calcareous bods ai*e associated 'sn iih the 
red sandstone at lop, thus connecting this rook with an overlying limestone that 
covers largo areas ; it is locally 200 feet in thickness. 

A very peculiar boulder formation is described as occurring on and about the 
Vindhyans, especially the limestone, yet not belonging to them. The blocks, up 
to 3 feet in diameter, are thoroughly wator-wom, formed exclusively, so far as 
observed, of the Alwar quartzites. They lie loosely, without any matrix, in banks 
sometimes more than 100 feet thick. 

The felsitic eruptive rocks described by Mr. Blauford as the MaHni beds, 
south of J odhpur, ore considered by Mr. Hacket to belong to the Raiilo horizon, 
as he found typical beds of that rock associated with the schists north of Dewair, 
in the centre of the Arvali range. 

In the En^tra^r^insulcur area there were two survey parties at work in the 
cold season of 1878-79 ; and in the summer of 1879 two wore engaged in the 
high Himalayas. 

With the new maps of Knmaunllir. Theobald surveyed, or at least explored, 
Stra^RiKAxji,TAf the holt of tertia^xy rocks at the base of the mountains he- 

Mr* tween the Gaioges and the Kdti, in continuation of the 

wolk dme leteral years previously te the west of the Oanges* Since these lower 
hills hasrd so eaiensively tshen t&p forest merves thi^ have become more 
inamssl]^ than ever, the temporinijr VUlages and the paths connected with them 
having Aimppm0A* v 

The Bhrmkf^ of this region <if fndoed the strata of these flanking ridges 
.jbjldhsdo \tw ^ Theobald seems to think) still meintiiin their 

ohoraotm^ as unlossiBiWns, no success hating rewarded the search of so 
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experienced a collector. Other results, too» nre the so far unique occur- 

rence of eruptive rock in the tertiary sandstones at the Goto river (see Manuah 
p 6t3) remains undescribod. After several consetnitive seasons' work upon these 
sub-Uimalayan rocks, Mr. Thaobald has now seen more of them than any one 
else, and he should be in a position to throw some light upon their structure and 
history. There is no lack of independent speculation in the several progi*es8 
reports sent in, but tliore is a too conspicuous want of ciutical observation, whether 
in support of tlie several conflicting views put forward by himself at different 
times, or in refutation of tlio interpretations already published by otlicrs. After 
the present season's work, however, wo must place on record the result of Ins more 
matured study. 

In the past field season, or in part of it,— for he also made a reconnaissance of 
Salt-hangs* ground far to the north betwini Kohat and Thai, on 

Mr, H'jtfnnt, the Kuram,' — Mr W^nne accomplished the survey of the 

western extension of the Snlt-range, fjiom the Indus to the outskirts of the Suli- 
nian range, beyond Shekh Budin. Following the groat enrves of the range, its 
length IS about 100 miles, and coiiHidoring the gi*eat intricacies of the sections, 
and ilie })eeuliar interest of many fe'aiuros of tho ground, it will be readily under- 
stood that so rapid a survey cannot bo very searching, much less exhaustive; but 
Mr. Wynne's map and dcsciiption will form a thorough guide to future explorers, 
tlu' hading features being no doubt pourtrayed with suflSeient accuracy. Al- 
though the rock-salt, winch gives its name to the Salt-range, extends a very short 
way west of the Indus, all tho main structural characters of tho western extension 
correspond with those of the cis- Indus Salt-range, with which Mr. Wynne is so 
famdiar; indeed, without this knowledge the work could not have been accom- 
plished. A principal vanation found in this new ground is the expansion of the 
boulder zone, which near thcTndus is the only rock between tho Produetus-linie- 
stone and the Salt-marl. At the south-west end of the Khasor ridge tho purple 
saudstone is again in force, but with an intervening band of red clays, gypsum 
and dolomite, which alternate with the boulder beds at top. These middle beds 
are unlike those of similar composition in the saUne series, below tho purple sand- 
stone, although their general composition would seem to connect them with those 
lower deposits of the Salt-range series. Mr. Wynne, however* suggests that tlioy 
may represent the Obolm beds, which in the east Salt-range rest on the purple 
sandstone. Although nearly suppressed in the Maidan-Chichili part of the range, 
the Ceraiito and Productus-limestone groups are again exposed in* force in the 
KhaBov ridge, with rery inn^ the ai«ae ohanietMs w ia the westam portioa of 
the Salt-range proper. 

The jurassic series heoomee mae developed to the west of i&e Imdas, and » 
welUdefined distinotion talcM place hetweitn tta. upper oaleareoTUi marine mm 
and a lowor one of aetr^ ajrgilhMMond dopocltft Iftth plaat-reanains. Htk 
oalla attention to the camtnutt tmeentod infmi veipeot ly tho juriiiie(d|<jfBr{^ 
here and in Bajpntant^ 'inhere Ihe terreBtriaJ (Oondw&na) charaoteini btMlillur in 
the lower division, below the nkarine Umsstonet, «|iud the aeries an ih 'dntch, 
where these ohniwotem s«e ftjiwid in i^e upper beds (the Vulh Mi|e) eb4ve 
the purely marine depodite. 
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A crcinccous zone soems to be the least defined of any in the traas*lndus 
series wlido the onf^inal ropresontative of a noocotnian band is described as in- 
separable from the jurassic di,})o&itSt an overlying sandstone of the Ohichali 
section, at first conjectured to bo [tossibly crotatv^ous, is described as ap|)aTenily 
represen I at ive of a rock elsewhere shown to bo postfcooene. The treatment 
of tin's horizon of the sections, the base of the tertiary seines, is perbajis the 
least eonelusive part of Mr. Wynne’s work. Altogether his memoir will in this 
resjioct })rovo highly suggestive to future exploroi^. 

J3y his trip through the vpry unfrequented ground between Kohat and 
Thai, of which an account is published in the Records for the year, Mr W} niie 
vas able to complete an unfmihliod border of the map and dobcnption jnovi 
onsly given (Records, 1877) of a large area of the north-west Punjab. 

In the introductory skitcli to his desciiption of the Salt-mngc fossils, in the 
Salt Ran OB PnlaHmtologia Indica, Ser. XXll, fasc 1, l>i* W.iagen 

Dr, Waag<n, projioses a\ery important change in the grouping of the 

lower deposits of tliat area Since the discovery of an Ohohin, by Mr W^nne, 
in one of the local groups of the series, rep’Tsented as separated fiom the oxei- 
lying Produeius-limestone by two intervening gioups in which no fossils had 
been found, altliough all do not occur togeihor in any one section, it liarl been re- 
ccived os probable or possible that the Sait-iango might contain a moie oi less 
paidial rejircsontation of the palnaozoic series, betwein the silurmn, as rcpreseniid 
by the Oholus beds, and the caiboniforons represented by the Pioductus-Iimc- 
siono. Dr Waagen now proposes to place all the four gioups in one ( mnteted 
series, which ho calls the rroductus^Jimcstono series. Such an airaugenuid 
would, of course, bo impossible under any literal sense of the terms siluiiau and 
carboniferous, as previously applied tp tbe separate.groups. Tt is easy to nnagino 
how the Oholus may be disposed of 5 Dr. Waageu’s desciiption of the fossils has 
not yet got so far; but he has not failed to indicate (/ c,, pp 7 and 8 ) that he 
considers the deposits to be in succession laterally transitional and vertically obso- 
elated so as to b(* inseparable* 

Dr. Waagen has contributed to the IToTemlier number of the Records an iutei- 
osting Buggestion regarding the.older rooks of the Ifaz&m region. It is based upon 
some fobsits sent to him by the Geological Society of Dondon for de&enption m 
with the Salt*-range fossils* Among thorn wore some in a black slate , 
they wore lahoHed ‘Punjab’; and thca*o is some presumption that they may 
have eome from the Attock elate g^np* which has as yet yielded no fossils to our 
aeateh, but which has booh provisionally ranked as silnrian, partly from an 
eqhal|^ uimertaiu coieijebturo {m Manual, p* &00, noi^) regarding some fossils 
foui4 i^esWwar. Dr^ Waa^p’s fossils are of well marked carbonifov* 

ous he pbiuts out that this ago f(m the Attock siatea woiild at least help 

io cloa^ # toiy pusalinf iMa# isa th(^ of 

Mn a large tp the oast of his previous 

^ ^several points of interest have boon de. 

il«r* i tWSteiued* ghehik et the I^iJAk^aWls, or Kallas range 

hydoUkl^r uoW etdls it (in the ioOiil pmm w^rO preferred until wo 

^qaore alliMift wo was understood from Dr. 
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Sioliczka’s doHoriptionto be chiefly, if not altogether, formed of altered pala'o/oi*^* 
rocks. Mr. Lydekker now slu»ws that the gnciasic biluriang only occur locally^ 
and that the princi])al mass must correspoud to the ‘ central ’ gn(‘iss (or (Jarabniui 
gneiss of Mr, Lydckkm*'s previous papers, the identity of which witli the ‘central ’ 
gneiss may perlinpa bo doubted). The coiiformity and tmnsiiion from ono to the 
ot her is every where apparent. Tho metamorphics of JlnpsJai aiv, however, all 
icjiresontcd as converted silnrians. Thus we should still havt‘ to lind the gneiss 
tli.it yielded the blocks in the silurian slates of Pangi, and to explain the sharp 
nneonfonmity of upper bilarian strata on granite and gneiss in Hangrang. (Re- 
cords, Xll, (>1.) 

A special interest has been noted (Manual, p. Ct3) ns attaching to the gi‘cat 
iiongli ol tertiary rocks found along the couiso of the Indus at tlie southern 
hisc* ot the giu issic ningt* in Ladak, and crossing oblujaely, vith the gieat Ti\er, 
U» the noith hide of this gneihs at a point south of the Pangur lake' Mr. Lydek- 
ker now bhow^» from good sect ions that at several points of tho boundaries, IkiHi 
wiUi the oldest gneiss on the north and with the earboniforous rocks on the 
south, tho natural original junction is evposed ; and tins is quite enough to rule 
the case*, though at other points slipping may have been superaddod. In several 
instances tlie bottom conglomerates of this eocene formation woi*c even observed 
to show a rtdahon of distribution with reference to the actual gorges of tho 
giu issic lunge. We may thus henceforth dismiss from our speculations any 
1 bought of a formiT direct councxion of these central Himalayan ooceni‘S with 
thos( at the base of the tuountaitis in India, although tho siniilarity’' of the deposits 
is so sinking. Supposing that the formations of the Zaiiskdr and Karakoram 
Insins were once contimious across tho position of tho Lad^tk aids, it would 
thus also bo pi oven that a pre-eocene Hunalnyau elo\Htion took place cq[ual at 
li'ast to tho total thickness of 'the present scdimoutary series from the base of tho 
old gneiss to the top of the cretaceous; for only tho unaltered portion of lliat 
s(*ries this would amount to 16,000 feet, according to Stoliczka’s estimate. 
Wliat tin* actual delation of tho mountains adjoining the oooime gulph may 
have been would, of course, depend on how far erosion hud kept pace with eleva- 
tion. Ilie time required for such an orowon be very great. 


TT])on tho voiy interesting question of the amount of contortion that accom- 
panied that great pro-eocono detutip, Mr. tiydekkor scorns to be slightly at 
v«iri.iuce with hi^ facts, or at least his particuhtr facts, as he duly observes, do 
not support ilie opinion he baaeft upon more general obsenatiou. He considers 
that the contortion of the older rocks took pUiK^e hi gx^ part before that of the 
tortiarics, because tho former exhibit puohb#g« oHimpliegft not found in 
tho latter ; but in the only contact fcetion thUi not one of origi^ 

abutting depositiom in the inlicr ut the and eocene 
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hues were determined by the great preceding act of general elevation. {See 
Hannal, p 634.^ 

Mr. Lydokker observes that the extensive exhibition of irrnptive rocks con- 
nected with the tertiary seines is not continuous throughout, and that the 
masses to the cast are different in composition, or at least in texture, from those 
at tlie north-western end of the basin, This latter fact may be due to meta- 
morphism accompanying the greater comprossion in this position, and which has 
equally alfected the tertiary deposits. 

Mr. Gricsbach has accomplished a very successful season^s work in the higher 
NiTi Himalaya ot Kumaun and Hundos. Compared to Ludak 

Iff. Oneihach, this is a hajipy hnnting ground for the geologist, the rocks 
being well stocked with fossils, of which a good series has bc*on brought in. 
Despite th<' distn^ss of climate and great elevations, Mr. (Iriesbach has succeeded 
in mapping the snowy range between the Niti and Milam passes. He is still en- 
gaged in working up Lis materials, and the result cannot fail to be most inteiesting. 

Mr. lilanford was engaged at office during the whole field season, at first for 
the completion ot the Manual and afterwards to prepare his memoir on Wesiem 
Sind, which had been postponed lor some time. 

Nothing special occurred to take mo from Calcutta, and unless for some ur- 
gent dut)/ of short duration, my absence v\ould not be compatible with the 
steady progress of oar work. 

Mr. W;y line's geology of the Salt-range was at last issued 
early in the year, having lain some fouiteen months in tjpe waiting for the 
colour-printing of the map. It forms itself Vol. XIV of the Memoirs !Mr. 
Foote’s memoir (Vol. XVI, pt, T.) on the geology of the eastern coast from 
latitude 16® to the Kistna was issued in August, Mr. Blanford’s geology of 
Western Sind was issued in December, forming Vol.* XVII, pt. I, of the Memoirs. 
When the work admits of it, memoirs on ailjoining areas, or relating to the same 
geological region, are brought into the same volume; thus, Vol. XV will be 
Completed by Mr. Griesbach’s memoir on the Ramkola coal-fields, now in the 
press: Vol XVI will include Mr. King’s memoirs on the oast coast in Nel- 
iore and in the Godavari distiict, now preparing for publication; and Vol. 
XVH will bo completed by Mr. Wynne’s geology of the Salt-range trans*Indus, 
now at press. 

The Records for 1879 contains 22 papers of various interest, with 11 maps 
and plates. Two of the articles by contributors not attached to the Survey : 
that on Hangrang and Spiti by Colonel MoMabon» and that on the old mines 
at Joga on Harbada bjr Mr. G. T. ifichoUs of tbo Civil Service. 

Fonv parts 6f the Palseontologia Indioa were issued Autmg 1879: one by 
Dr. on tbo flora of the ontJioVA on the Madras Coast 
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the trans^lnduB Salt-rango. The$e 3iad to be cleaned ouf and arranged with the 
previous collections before the work of desciiption could proceed 1 l^ve already 
received plates and text in continuation of the work, inolhding somo of the 
specimens sent during the yedr. 

1 have groat satisfaction in announcing that the description of the Sind fossil 
corals so generously undertaken for the Palaiontologia Indica by Professor Martin 
Duncan, F.B.S., is very nearly completc^d. This is the fourth instance of dis- 
tinguishod palaeontologists in England giving valuable assistance to the Geological 
Survey of India by the description of important groups of fossils, 

T took an early opportunity, in the annual ropoit for 187? (Bocords, Vol. XI, 
!>. 12, 1878), to state the principle of liberty and distiibuted tosponsibihiy under 
win eh 3 proposed to conduct the publications of the Geological Survey, and to 
ex])luin how the conditions of our work in this country — the great distances to bo 
accounted for and tho peculiar difficulties of locomotion—* made some such rule 
ueccbsary to tbc full performance of our duties to tho public. Tho evident draw- 
back to such practice is the publication of crude work, in which even the com- 
petent reader (without any knowledge of tho ground) can perceive tJiat more 
intelligent observation might have given a very different account of tho sootions. 
To obviate this objection, the o^ly alternative would be to withhold work from 
jmbli cation until it could bo revised in the field by a more thorough observer. 
lJufortunately, owing to the great bcorcity of really accomplished observers, and 
under tho circumstances already noted, this would moan a quite indefinite post- 
ponement, and a stojipage of other work Such had formerly been the practice : 
in view of further corrections tho description of the B&jmahAl hills had been 
withheld for fifteen years, and is at last in quit© an unimportant degree bettor 
than it would have been at the first ; and this is fay no means on isolated case 


Now, our principal duty is to the greater public, to furnish an intelligible map 
and description of areas hitherto ^©logically blank ; and our least finished work 
does that, however imperfectly. Tho claim of the very select public of competent 
geologists — that all our work should be up to tho best standard of tho day— 
is incompatible with that prior claim, and with the conditions of the situation, 
subjcclive, and objective. The points whore wo fail in this respect do not muoJj 
affect the value of the work as a guide to the ground. Of course eveiy advice and 
suggestion is given in each case, so far as can be made from careful perubal of the 
work in manuscript, but the least intdligent workman is often the last to take 


advice, and the compelling reasons mostly snoh as could only bo worked out on 
the ground. I See no compromise but the Ji,a4optedf and to which I adhere. 
The risk it obviously imphOeH^the exposure of tif0rll5<-^falls upon our own 
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uf)Oii tLc* too asisuniptioii that an oagor protest against superior authoi-ity 

is probably well founded, and so they publisli communications which their better 
judgment might lea'd them to decline, if only for tUe sake of the writer himself* 
T regret that an illustration of this difficult 3 ’ hafij^occiirrod during the past year. 

Mmcnm . — The various collections arc in good working order. Two small popu- 
lar guide books were [»reparcd ; one b;y Mr. Lydekkerfor our line sei’ies of tertiary 
vei*K‘l)rate.s, and one by Mi*. Mallet for the minerals; they are sold for mere cost 
oriee ui the door, and have met with some demand. Mr. Fedden is now engaged 
in rearniiigiiig the meteorites, amalgamating the Asiatic Society’s specimens with 
tlie larger eolh'ciion made l)^ the Survey. Mr, Theobald bas prepared a brief ae- 
eoiint of rneleorie phenonu iia be pi'olixcd as a popular guide to the new catalogue. 

Several small colloetions of rocks, minerals, and fossils have been foiwarded to 
local Museums and Colleges. 

Lihmnj. — The number of volumes and parts of volumes registered as received 
during 18?0 w^as 1,283 ; being tiOi by jn*esentation, and G79 by purchase. Ar- 
rangcmients ai‘c in progivss for the printing of th(‘ catalogue. 

Personnel. — Mr. Hall was absent on furlough for tlio whole y(‘ar. Mr. Foote 
left for two years’ furlough on the 13th J^fay. Mr. Mallet took months’ leave, 
on medical certificate, on 2^>th July. Mr. Blanford look 16 months’ furlough from 
23rd August. Mr. Hughes returned from furlough on the J6th OcIoIhu’, and 
has taken up work in the South Kewah Gondwana basin on tlie west, from Kutni 

I was absent on privilege leave from 2r>tli July to 25t]i Octobei*. 

Mr. liichard J>. Oldham was appointed by the Secretary of State as an 
Assistant in the Suiwey, and joined his post on the l?th of Decemixu’. 1I(‘ has 
taken up work with JVfr. King in the Godavari valley. Tn adclition to the 
high proficiency in geological studies evinced by Mr. Oldbam at college* and 
afierw'ards by independemt work, we have the pleasure to welcome him as the son 
of the founder of our Survey and its successful director for a period of 26 years. 

Apprentices Kishen Singh, and nim Lall having served their five yc'ars of 
probation witJi sufficient credit, and having acquired a serviceable knowledge 
of rocks and minerals, they received, on my recommendation, permanent ]>romo- 
tion as sub-assistants. They. have been in turn usefully employed in the Office 
and Museum in the place of the late Assistant Curator, and this post has been in 
consequence dispensed with. In turns they take the field with one or other of 
the geologists. It is still, however, very doubtful if they can ever prove compe- 
tent for independent field-work. Geologist’s work may not demand high mental 
powers, but it inevitably requires some originality of thought in dealing with 
observation and induction, that peculiarly modem turn of mind to which we 
owre tlio present dovelopmont of natural science, the very quality which more 
than any otSK^ makes the western man different from the eastern. There is 
little or no g|i*adation of work in geologioaJ surveying : to observe and interj^ret 
is required from the bogpning ; and the observation does not consist in mcasure- 
monls, or any kind of manual perfonM*'^ce, but virtually to put a life into stones, 
and to traas the history of that life. Unless this is done with some approach 
to the istandaid of modern knowdodge the work is not worth paying for. 

1 H. B. MBDWOOTT, 

JuMvewy 1880. I of the Geological Survey of India. 
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List af Societiefi and other Inst itnf tons from irhlrh pnhlicutions have hem reciived in 
donidton or exchange for the Library of the QcoliHjival Surrey of India during 
the year ] 879 . 

Batavia. — Batiivian*Society of Arts aud Scjoncc's. 

Bklkast. — Natural History and Pliilo80[)lLical Sociot}. 

Berlin. — German Geological Society. 

,, Royal Prussian Academy of Sciences. 

Bombay. — -Bombay Branch of the Royal Asiatic Society. 

Breslau. — Silesian Society of Natural History. 

Bri s i OL, — N aturalists’ Society. 

Brussels. — Geographical Society of Belgium. 

,, Geological Society of Belgium. 

,, Royal Academy of Belgium. 

(JAiiCi’iTA.— Agricultural and Tforticultural Sociciy. 

„ Asiatic Society of Bengal. 

„ Meteorological Survey. 

,, Trustees, Indian Museum. 

rAMBRiDOiii, Mass. — Museum of Comparative Zoology. 

Care ^J^own. — Minisloriul Department. 

Christiana. — University of Christiana 
(h>J»LNUA<^EN. — Royal Danisli Academy. 

Drrsdln. — T he Isis Society. 

Dublin. — Royal Geological Society of Ireland. 

„ Royal Irish Academy. 

EniNiMjROU. — Royal Scottish Society of Arts. 

„ Royal •Society. 

Geneva. — ^Physical and Natural History Society. 

GLAStmw. — Glasgow University. 

Lausanne. — ^Vandois Society of Natural Science. 

Liveri'OOL. — Geological Society of Liverpool. 

,, Literary and Philoso[>hical Society. 

London. — British Museum. 

„ Geological Society, 

„ Iron and Steel Institute. 

„ Linnoan Society. 

„ Museum of Practical Geology. 

„ Royal Asiatic Society. 

„ Royal Geographical Society. 

„ Royal Institution of Greal Britain, 

„ Royal Society, 

„ Society of Atts, 

„ Zoological Society, ^ 

iLYONS.~Miiseum of Natural History. 

MADRrD.---Oeogmphical Society of Madrid “ 
MANCHRSTiSB.^Geologicai Society. 


Edinimjrou. 


iLyons.* 
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Mlkboukni .—Mining Doparfmoiit, Victoria. 

„ ' Royal Society of Victoria. 

Moscow. — Imperial Academy of Naturalists. 

Munich. — Royal Bavarian AcademjPof Sciences. 

Neuchatei.. — Society of Natural Sciences. 

New Haven. — Connecticut Academy of Arts and Sciences. 

„ Editors of the American Journal of Science. 

Paris. — Geological Society of France. 

„ Mining Department. 

Philadelphia. — Academy of Natural Sciences. 

„ American Fhilosopliical Society. 

„ Franklin Institute. 

Pisa. — Society of Natural Science, Tuscany. 

Rome. — Geological Commission of Italy. 

„ Royal Academy. 

Roorkee. — Thomason College of Civil Engineering. 

Salem, Mass. — American Association for the Advancement of Science 
Singapore. — Straits Branch of the Royal Asiatic Society. 

SiocKHOLM. — Geological Survey of Sweden. 

St. Peteksburg. — Imperial Academy of Sciences. 

Sydney, — Royal Society of New South Wales. 

Tasmania. — Royal Society. 

Toronto. — Canadian Institute. 

Turin. — Royal Academy of Sciences. 

Vienna.— Imperial Academy of Sciences. 

„ Imperial Geological Institute. 

Washington, — Department of Agricultui’e, U. S. A. 

„ Department of the Interior. 

„ Smithsonian Institute. 

„ United States Geological and Geographical Survey. 

^ „ U, S, Geological Exploration of the 40th Parallel. 

„ Geological Survey of New Zealand. 

„ New Zealand Institute. 

Yokohama, — Asiatic Society of Japan. 

„ German Naturalists’ Sociely. 

« 

GoTemments of Bengal, Madtras, Noith-West Ptovinces, and tlie Pnnjab ; Chief 
Conmiiaslonocs of Assam, British Btinnah, Csntrsl Prorinoes, and Mysore; 
Snpormtendonts of the Marine and Gfreat Trigonometrical Stureys ; India Office, 
London ; Foreign, and Home, Berenne and Agrioultnre Bepariments ; and the 
Kesident, Hyderabad. 


J'imary 1880. 



p-AUT l.J King : Geology of the Vpper Godavari basin. 1J5 

Adwtjonal notes on the Geology of the Upper Godavari basin in ihu 

NEIGHBOURHOOD OP SiRONCHA, by WiLLiAM KiNG, B.A., Deputy SupcrinltnU- 
mU Oiologicnl Survey of Indfx.^ 

Tlio last paper * written on tlie geology of this wgion by my colleague 
Mr. T. W. H. Hughes, the result, as it was, of later and more extended surveys, 
placed'the relations of the Gondw^na strata of this part of the Godavari and 
Pranhita area in so different a light in some respects to what I had anticipated 
in my paper,® of the previous year that it became necessary to revisit the ground 
over which I had already made a cursory tour with Mr. Hughes. 

The result has been to a certain extent satisfactory ; a moi’c detailed survey 
of the rooks has been effected, and some clearer insight obtained of the rela- 
tions of the different groups of strata ; but little additional evidence has been 
secured as to the conditions of the horizon between the upper and lower divi 
sions of the Gondwana system than what we have over had in this at first 
vciy promising region for the solution of that problem. There is no doubt, how- 
ever, that we have here near Sironcha two great divisions of the Gondwanas, 
namely, the Kdmthis and an upper series which we have gradually, through 
Mr. Hughes’ researches, come to class as the Kota-Molcris, thougli I was 
myself inclined at first to introduce an intermediate group, the Sironcha sand- 
stones, considering it representative of my GolapiUi sandstones in the lower 
Godavari districts. 

l^ho main question, and that on which nearly all tho others hang, is, as to 
whether the sandstones of Sironcha town are really of the upper or lower 
Gondwanas ; but unfortunately, after all my endeavours, I have not been able to 
find fossils or sections which, shall absolutely settle this point, though there is 
plenty of negative evidence on both sides of the question. 1 should naturally 
try to employ this negative evidence in favor of my own original view of thoir 
relations, but the balance of evidence given by Mr, Hughes seems, on the whole, 
to bo more in favor of a lower Gondwana age for those bods. 

The late Superintendent (Dr, Oldham) and Mr. W. T. Blanford are, besides 
myself, the only members of the Survey who have examined these puzzling bods, 
and Blanford had already inferred that they are Kamthis. His opinion had 
naturally great weight with me ; but knowing that he had not spent much time 
over that locality, and that I had already been able to eliminate the upper 
Gondwanas from his general area of Kamthis at Bllore in the lower Godavari 
district, while I had up here the remarkable section at Kaleswar, the new facies 
of the rocks themselves, and the find of plant renmns at Andram, I was led to 
surmise that there were representatives here also of the lower Godavari rooks, 
Hughes’ paper throw considerable donbt ovei**thiB suggested ootrelation, but his 

» The deacripfioM in this paper can in great part he followed with the aid of the aihall map 
amiMod to Mr. Hughes" paper In Vol. XI. Parti, of the Heoords. A map of the completed 
survey will be published With Mr, tog's fuU description |fi the Memoirs, 

* Bccords, Vol. XI, Part 1, 1878. 

* Bccords, Vol. X, Part 1877* 
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boundary In'twoon the upper and lower Gondwanas did not satisfy mo. 1 was 
iij-iiin (‘xtroiuely ]>uzyded 1)^ frc'sh features in the rocks at Kaleswsw, and 1 find 
that tlie Ara\i-Somha})ali sandstones underlying the Angrczi)ali outlier of red 
clays arc remarkably like those of Sironeha. , 

Jlowcver, on carefully revising my last season’s work, I really see no other 
way to a solution of the question than to yield the point that those sandstones of 
Sironeha town must be of lower Gondwana age, if not upper Kamthis, then 
])ossibIy an independent gi*onp. 

Tui: Sandstones oe Sironcha. 

For convenience of discussion, it will bo as well to write of these still as 
Sironcha sandstones. I have beim led in great part, over and outside of the 
argunientfi put forward by Mr. llughes, to look on these beds as of lower Gond- 
wana ago, through having found fossils (decided by Dr. F’eistmantel to bo 
l)referably of Kamthi age) in rocks of Hughes’ ground on the Wardha which 
from their lithological charactei’s 1 had at oneo assumed as representatives of the 
Sironchas. This was near Porsa, and on a horizon corresponding to that of 
the Ara\i-Romnapuli sandstones. 

I have unfoHunately, with all my search, not been able to find any recogni- 
zable fossils at Sironcha, though there are some fragments of stalks on red 
shales bearing a faint resemblance to others in the Ana ram beds. Tt likewise 
appears from the following note ^ of the Bov. Mr. Hisloj) that fossils of lower 
Gondwana age were once found at Sii*oncha. In the sandstone at Sironcha, 
C miles further down the river Pranhita, there is an abundance of comj>ressed 
stems identical wdth those atSilewida; so that there can be no doubt that 
the argillaceous sandstone there is of the Dauiuda group. This sandstone of 
Sironcha is stated by Mr. Wall to underlie almost immediately the Kota lime- 
stone.” 

Looking on the ‘ Sironchas ’ as of lower Gondwana age, I can then place 
the boundary between them and the Kota-Maleris more definitely than was 
atiemptc‘d by Hughes : in fact it must run very much where I always drew the 
line betwd(m ihe Sironcha sandstones and the Maleri clays, or rather the Kotas, 
for the remarkable feature about the Sironcha sandstones is that they (unlike 
the other Kdmthi or lower Gondwana outcrops to the north-west of Sironcha) 
are not overlaid by Maleri clays, but by Kota limestones. 

From (and including) Sironcha town to the Godavari river opposite Kales war 
there is a tolerably continuous outcrop of sandstones in the left bank of tho 
Pranhita, in which there is not a break allowing of such a boundaiy as that 
suggested by Hughes in his map being continued to the Sironcha side of the 
river. The Sironchas must be considered as at least extending from tho north- 
east suburb of tho town to Nagrum opposite Kaleswar. If over it become neces- 
sary to distinguish the Sironchas as upper Kdmthis or as an independent 
group, then their lower boundary mtfst be drawn at Kaleswar, though not at 
the section on which Hughes and 1 ultimately agreed tlmt there was only a 
rosemblanoe of unconformity. 

» rto. Ucol. Soc„ London, 20tli Kovembor Vol. XVIII, p. 86. 



VWIT ].] 


A7w^ • (Jt*oloof/ of Ihe rp/iek' GoiLivan bas'ni. 


1j 


1 have bt'cn able (bis year to tract* decisively tbc Ix'ds of Siroiicha town 
across tbe Pranliita into the rising ground culminating in tbo hill-station above* 
Ar jnngnta. Wo had, T think, always snpjuised this to be tfio case, and the hill- 
station beds had over seemed t<j me of a true Kamtlii facies, while the ascer- 
tained continuity of strata so far carries these beds near(*r to the AiiAram strata 
^\ith their upper Gondwtina plant retiiains. The hill-station beds are brown and 
feiTiiginons with a decided Kaiutlii look, and are in jiart very hard and vitreous, 
having thus a much older appearance than the Sironchas ; however, 1 actually 
found unmistakeable S iron cha beds merging into these hard vitreous lu'ds; and 
so there is no doubt at all, in my mind, that the Arjungnta bed and those of 
Sironeha arc the same; while the former have the Kamtlii facies. The Arjun- 
guta hill-station is at the we^st-south-west end of a line of faults which may be 
said to limit in ])iirt tbo north-westerly ext(*nsion of the Sironclia strata, these 
])oing also cut ofT to tlio south-east, aft(‘r a length of some 1»^) miles, by another 
more or less oast-and-wost fault near Ardium on the left bank of the Oodavari. 

To the north of tbe Arjungnta bill-station are the oft -noted Antiram beds 
which yielded the plant remains Talls^ija covfcila and OJiirohj^nfi i)Ltinsfcri, and 
wln'cli 1 had concluded were o\orlyiiig the Sironcha beds in natural sequence. 
The sections and exiiosures of rock in this part of the country arc not continu- 
ous, as they arc covered up in the most disa i)pointi ng way by alluvium, and 
there is tbe fault just mentioned ; still a certain connexion of the Sironclia bods 
with otliers in the Kota-Maleri field is apparent, which will always, until fossil 
eviilc'ncc be found, cast a shadow of doubt over the grouping and mapjiing of 
this series. 

As it liap])ona, the Anaram beds arc not traceable in tbc Arjunguta outcrop, 
but tliey may bo followed down by tbe right bank of the Pranhita to a point 
east -north-east of the bill-station,* where the outcrop ceases suddenly, there being 
nothing hence for a mile or so but tbe high alluvial bank of the river, which 
bays inland for some distance, lapping round tbo slop(*s of tbo Arjunguta high 
ground. Not only ii^ there this abrupt ending of the strata, but, after pur- 
suing an even course with a lie of 20® to 30® to the easi-noi*th-cast, they suddenly 
show signs of a sharp bend to the south-south-east, with rough slickensides and 
much silicious and ferruginous infiltration. Nearly all safe signs of lamina- 
tion and bedding are obliterated in the strong silicious infiltrations wliich strike 
irregularly in a general east-north-east to west-south-west run and nearly vertical 
dip. Prom this point to the hill-station thox*e is a decided hard wall or ridge of 
beds much impregnated with silicious and forrnginotts matter in the same iiTO- 
gular strips and seams ; An&ram pebble beds, pru^lo shales, clays, and sands 
forming this wall and lying to the north of it. 

An important feature about the An4r\m loC6/lity is, that in going west-south- 
west from the village, one passes over softish red lilac and bofif sands, pebble beds, 
shales, clays, Ac., having a tolerably regular n6rth-east lie ; but after about half 
a mile the beds become troubled, rather flaggy, hard, and more and more ferrugi- 
nous, when it becomes gradually appai*ent that one must now be on K&mthis. 
Such a succession, in descending order, may be found up any of the nalas 
to the north-west of Anaram as far as Yedlabundun; and thns there seems 



10 liecotek of Uie Ueoh^ical SitiVey of India, [ vOL. xiir. 

little doubt that the ‘ An^ram strata are overlying Kamtbis, which, though this 
is partially concealed and interrupted by the &.ult, are apparently continued 
in the Arjunguta Uill and at Sironcha. No red Malcri clays come in between 
the Aniram strata and the K^mthis of Linganapeta, but true rod clays occur 
near Tsnai, some 5 or 6 miles west-north- west/ serially at a much lower hori- 
zon than the Andram beds. 

At Yedlabundun everything is covered up for some miles along the valley of 
the tributary stream, so that neither the Anaram nor the Linganapeta beds are 
traceable with any certainty to the north-west, though the Andram beds seem to 
be continued in tlie sandstone belt underlying the great zone of limestones 
striking awny to Mulkalapeto, which, as will be seen further on, I take to be the 
same as the Kota band. 

Thus far, the points gained or advanced in this enquiry are — 

First, that my so-called Sironcha sandstones are of lower Gondwdna age and 
probably belong to the Kimthi group. They ai‘o extremely like those of Aravi- 
Somnapali, which arc on a horizon corresponding to that of the beds near Porsa, 
which Mr. Hughes had already determined as Kamthis, a conclusion verified by 
the fossils I afterwards found in them. 

Second, that the Anaram plant shales are locally bottom beds resting on 
Kamthis, and lower in the Kota-Maleri group than the Kota zone of limestones. 

The KoTA-MALmi Group. 

The most definite and recognizable strata in the Kota-Maleri scries arc the 
limestone bands. Hitherto, wo have been under tho impression that there might 
be only one of these, that of Kota itself, of which the outcrop at Itial (on tho 
Jangaon river) was a portion. I have, this season, been at the trouble of look, 
ing up all tho outcrops of these rocks, and there is now no doubt at all that 
there are at least three bands or zones ; still the evidence is not quite clear 
to the course of the Kota outcrop, that is, it is not continuous over tho most 
important parts of the field. Indeed, the whole limestone sub-division, or what 
I have previously called the Kota group, is so much broken and interrupted near 
Sironcha that it will perhaps Bo better to treat of it separately, as it occurs in two 
areas, to tho north-west and to tho south-east of that town. 

The PremkUa urea. 

The Kota Band (No. 2).~To the north-west of Sironcha there are, first of all, 
the historic beds of Kota, a mere isolated outcrop in the left bank of the Pran- 
bita. It is to all appearance the same band as that of Tondsla to the east of 
Sironcha, and it appears again to the north-wCst as the gi*eat band, with similar 
fish scales, Katapur, whence it stretches away up to near the bank of the 
Jangaon river at iWatipet* The line of the AijtpDtguka fault may strike 
across between the Kota and TotiJ!|la outcrops, so that it is possible they may 
not be ol the sanie band, though I think they are, being merely stopped for a 
short distance* lint there seems no reason to doubt that the Kota and Katapur 
outcrop? are of one and the same baud* 
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The Uaganuii Band (JNo. 3). — Towards tin* Jnngaon river and alioiii n mile 
and half (eastward of Parwatipet arc some further cvjmsurcs. of ljniost()Ti(‘ in a 
still liiglier band, the liighest in fact that wo know of, but I was not able to <](‘Uet 
it to tlie south-east, except, apjjfirently, spot between Waddagurani mid 

SointuTU on the right bank of the Pranhita. This band may also possibly give 
a cloubiful outcrop, noticed last year, as l^ing below the Cliikiala scarps north of 
8ii*<)nc]ia. No fossils have boon seen in this outcrop. 

Thii Midapuli Bund (No. 1). — This occurs about 2 miles or loss to the west 
of that of Parwatipet, and is thus lower in the series than the Kota hand. Jt is 
strongchf about Metapali, being there about a mile in width, with a very low dip, 
and thence it is traceable for a long distanoo to tlie isoiith-cnsl iiast Siirarum, 
Katajiali, and Busufii, and for 5 or 6 miles fiiidher in that direction. To the 
iiortli-wost I could not follow it satisfactorily, but it n[)pcarH to run straight for 
Jlihra, a short distance north of w^hich arc some outcrops of hard dark-colored 
linu'slones. So far this band has failed to jiold any fossils. The lie of the beds 
IS, }iowt‘vc*r, HO A cry low, often nearly flat, at its norlli-c‘ast end, that I am almost 
inclini‘d to think that this liaiid may be re})reheiik'd in the Itial outcroj) lying 
much more to the w(‘st-north-wcst. 

The limestones of Itial form, to all appearance, a completely isolated outliei 
of nearly Hat or flat-rolling bods resting on red clays associated with a thick 
scries of sandstones, whi<di in tlicir turn overlie the projrer re]>ti]ian red cla}H ot 
Maleri. They are thus for this part of the country the lowest true limestone 
band in the Kota-Mah'ri group, and certainly in this way they corruspond t(; 
the Aletapali band, which for its kmrwn length is also the lowest Iwind, restingalscj 
on a sandstone belt overlying the re 2 )tilian cla^^s. The Itial beds JU’e fosfeiliferous, 
Avith loi)id<)tus scales. 

Between the thin limestone beds, and above and bcloAv them, aixj great 
thicknesses of rather soft, oi)eu textured variegated sandstones, sometimes luiving 
strong runs of buff, pink, lilac and white clay galls and rolled luniiis, with Avhieh 
are intercalated thiji%ands of red and choeolate-eolored clays. Tlio lim(‘stoiie.> 
shado rapidly doAvnwards into the sandstones by calcaroous sands and clays, 
and intoixialatcd with them also are thin seams of bright red clays. Jf 1 am 
right in my surmise that the AnJram beds arc continued nortli- westward past 
Ycdlabundun, then they lie between the Kola and Mota 2 )a.li bands. This places 
the Palissya confeda and Ghirolepis miinsteri of Andram with the liassie flsh of 
the limestone or Kota sub-division. 

A remarkable feature about the stratigraphy of these limestone bands is, 
that they are not traceable to the north of the Jangaon river, though two of tlic 
sandstone 1>elts associated with them and the rod clays are continued ou to the 
Wardha river. Of course this non-appearance of outcrops may be due to the 
very thick covering 'deposits of the Jangaon Vadley; but the probability is, I 
think, that they have thinned 9 ut, and that their flatter lie allowed of greater 
erosion, only one isolated patch' of the lowest band being loft. 

The lie of the bods is generally very low, from 2® to 3% though the op,tcrops 
are often broad and marked, giving an idea of great thickness. For instance, ilio 
most steady and fair outciop pf good massive limestone betls, in the Kota Iwnd 
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jiear Katapnr, cannot be much less than 800 yards wide, whith at an aveingo 
dip of would only give about 200 feet for the thickness. The limestone is 
usually a gi’cy conijiact hat’d splintery rock, ratlier clayey or earthy, with many 
si'anis ot white chert ; in fact, it appeals to have been originally a fine calcareous 
mud. 

Th<‘ limestone BO? ics conies suddenly or decidedly over the Maleri c]a}s by 
tiu presence of distinct bands of limestone strata. 1 could not, however, ascertain 
j II this Tranhita held that this upper member is fairly separable from the Maleri 
I la;ys except by a sort of oAcilap, at either end of the field, of the sandstono 
below the Metapali-ltial band, and that the red clays ha^se their d]stineti\e 
nibbl;v calcareons sandstone, jusi ns the upper member has its distinctly e bands of 
hniestoiie. 1 do not iccolh ct a single instance of iiibbly calcareous sandstom.s 
ai the upper member; but tlita* certainly is a siiading of the calcareous eltmenis 
tljioughout the gioup as fioni distinct liver deposits to others of a moi’c estu- 
:u ine character. 

The Metnpali-ltial limestones overlie sofl yariegated sandstones with many 
thill intercalated bods of red, while, and greenish clays, and a band (or porliaps 
bauds) of dark grey calcai eons sandstone, niassiye and com])act, putting on, on 
wcaihcicd siii’fuces, a guise of limestone so stiongl}' tliat it must be hanimmil 
at to distinguish it from the true lock. hJcithoi* is it the lubbl} calcai eons lock 
of the red cla^s. It may be considered as a kind of passage rock deposited in 
the poiJod of change in the character of the yvaters of the Kola-Maleil basin 
Tins calcareous grit is “very constant in the sandstones below the Aleiaiiali band, 
all round (starting from the Itial end) by llajaram, Sardapur, and liamena, and 
so down to Kondampeta. It shows again in force, but somewhat snb-div id(‘d, in 
the thick series of sandstones undorljdng the Itial limestone and s^ireading out 
to the west -north-west up to the Jangaou river from Gungapur, 

fn lollowing the limestone memlicr to the south-eastward, the Metapali 
band si'onis to thin out, though the sandstones above and(fct»loyv it are in foiee to 
the iiibutary iiala flowing down towards Ycdlabumlun. This thinning out may, 
however, only be apparent, foi; it is wondoiHIlul hoyv these limestone bands are hid 
beneath the more recent deposits, the diSbris from the outcrops of the associated 
sandstone belts being enormously spread over the country. 

At any rate, at or near Sironcha, the only band Canying the Kota-Maleiis 
into the Gpdavari area is that of Tondala, which I take to bo of the Kota band, 
and it is in very close jiroximity to the Sironcha sandstones. 

The Godmari arm* 

Thp Kotfir-Maleris, or perhaps more properly the limestone or Kota member 
of the gronp, has been traced ont this direction with sotnowhat more detail, 
but there are awkw^ard htjaks in continuity of strike, and a very largo area to 
the south of the IndtAvsti bend ef'^he Godavari is cither covered up by $nper«i 
ficial d^'posits, or too shut up by jungle for eloso survey. 

1 1 imid the Tondala outcrop fairly down to Oliiinr, beyond which village 
ihcH h no further tyticd of »nch rooks hhtU wiiliin a couple of miles of 
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Assaralli; but Iboso beds are sbiflod out of wlial woiilil be tlio coni’so of tlie band, 
and \ery possibly belong to tlie uppoj^oat llagarani zone. 

'J'ho Tondala outcroi> is underlaid by the Sironcha sandstones as far as 
iJliitur, where the latter also end iibi-uidly at sn east-west fault, and aro succeed- 
ed in their strike by two fresh outcrops of limestone. Tlie nearest of these to 
that of AssnralH is a rather broad and distinct one, running down to Aukissa. 
M'liis is of tlio usual ICota stamp, and I take it as correspojiding to that outci*o[>, 
thougJi no fossils were found in it. 

Some 3 miles further west a vei'y strong and rather broad band of lime- 
stones ocenrs close to Ardium, and thence it is continued soutiueast to the left 
or north bank of the Godavari. There was no yiidd of fossils here, but this 
band must, J think, ho looked on as answering to that of AIetapuli-1 tial in I ho 
IVanhita area. The feature of this outcroji is, that it is unmistakably faulted 
against Sironchas, while it rests on sandstones, clays and shales of the Kola- 
Maleri type. 

The great east-west orTndravati reach of the Godavari presents a blank of 
new alluvial deposits, but on the right or opposite hank two broad spreads of 
fnssiliforous limestone are again met with which must bo continuatjoils of those 
at Ankissa and A^xliuin. 

The Assaralli outcrop could not bo expected to appear, as it must have trended 
umler the Chikiala sandstones of Woraguram. However, to the west of this 
village, there is a groat show of sti*ong bods, for about a mile in width, ini])lying 
a thickness of 448 feet at l(*asi; and in a tumbled ouicroj) of those* I found a 
fine ftkololon of a fish and matted masses of scales. Hero also are two thin 
s<*ams of carbonaceous shale, au accompaniment which adds further to the identi- 
iicatiou of this as tlio Kota baud. In the broad outcrop of tliick-bedded lime- 
stones, L obtained a few specimens of fish and saw many others which could nut, 
however, bo chiselled from the liuge blocks of hai*d splintery I'ock. This band 
could not bo followed ^rthor south than Palmola owing to the covering gravels 
and sands. 

Three miles further westward there is again a wide belt of limestones having 
its western edge near Lankalagada, in which a few more fish- remains wore found, 
ilere, again, the bods are faulted against sandstones forming the bank of the river, 
the norlh-north^oast dipping strata being bent down to the southward at the 
Lankalagada end of the fault. The lino of fault is not very clear, but it was 
more or less east and west, rather to the south of east. The Httiosiones, like 
those of Ardium, overlie sandstones, which must be considered as of the JCota- 
Maleri group. The sandato^ies on the north side of the fault, and forming the 
bank of the rivfer, are, 1 think, Kamthis. 

This o^terop is traceable south as far as Sigampali, and beyond this only 
faint traces of limestone ooour near Redipali and towards Ahilapuram, whe^ro 
the Kota-Malori strata trend close on the SUmthis 6i the ridge south of the 
village ; but there is no section showing the relation of the two groups, ^ 

In this sottihem portion of the field, there are no strata answaxjing exactly 
to the Maleri member of the group, ortho proper Bed-clay enb-division j but 
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it in probable that there is a groat thickening out of the saTidfltoncs below tlie 
Ardium-Lankalagada outcrop. 

Cei*tainly there are neither sandstones nor clays answering in any way to the 
Maloris between the Tondila-Cliitur outcrop and the Sironcha bods, though sneli 
uia 3 ^ ha\e been thrown down by a north-west to south-east fault, (*ls(‘ may 
1)0 hidden under the Tondala bods and deposited against a stcei) face of Siioncha 
r oonld sec no trace of n fault along this lino, or running from either t'lid into 
the Maleri ebuntry or south-eastwards to Assaralli; hence it would seem as if a 
natural, though very abrupt, boundary were tho simpler interpretation of ibis 
unusual association of the U])por and Lower Gondwiinas. 

Blit Ibis is an association implying strong unconformity, sncli as might be 
ei-pected to occur under the marked overlap pointed ont by Mr. Hiiglies as ex- 
isting between the Kota-Maloris and Kamthis. 

The Ardinm limestoues ov('rlic a set of sandstones which are very well 
displaced in tho river hank going towards Aipeta. Proceeding n]» along the 
river bank, those tliick-bcddod sandstones are succeeded by a good tbickiu ss of 
variegated beds, and then by irregular bands of greenish- white elays, calcareous 
sandy clays and shales, and rough imbbly marly-looking bands w iih reenrreiil' 
wdiito and light-colored arenaceous bods and other harder scams of sandstone, 
all Laving rather a cfilcaroons constitution; and then tlicrc are traces of thin 
chocolate clays coming in tow^ards the top and underneath the ]imeston(‘8. There 
are also beds of about a foot thick of calcareous grits with small lumps of green- 
ish and red clays. 

These are very much the stylo of rocks overlying the Kota limestones, and, 
indeed, such as appear here and there, only much less freely exposed, associated 
above and below all tho limestone outcrops ; but there are no signs of the bright 
red-clay sorb*?. 

Immediately north of tho small hamlet of Madagam on the opposite hank of 
tlic river, there is a good outcrop of beds like tlioso on ,tbe Ardium siile ; but 
their ends are faulted against a stronger outcrop of arenaceous beds immediately 
under tho village, in a nearly east-west line. The bods on tho north side arc 
much seamed with nearly vertical east-w^est veins and strings of silicious consti- 
tution, the result being that the outcrop is more a scries of hai-d ridges in this 
direction, giving an appearance of Ijcdding, while close to tho fault itself the ends 
of tho strata are turned down to the northward with slickensidod faces having a 
dip of 70®. 

In the absence of fossils and any very decided lithological characters, it is, of 
course^ ippossiblo to say that tho Madagam beds on tho south side are really of 
a different group or series to those on the north side of the fault ; but they 
certainly appeared to me to have more of a E&mthi facies, aud to be tho same as 
the bods further doVm the river side noa^ !Lankalagada. 

1 have ah*cady, in previous ppv|press reports, given an account of tho strata 
underlying the iLankalagada limestone, describing them as of the Kota*Malei‘i 
groh] . rhey are alli sa^stoncs with a few thin bands of rod elay, and low down 
liioaii is a tbin caloarCbus band showing scarcely a fair limestone flag. Now 



PAUT ].] 


King* Geology of the Vpper Godavari laun. 


n 


that I have had an oppoi'tonity of examining the Malcri field more closcdy, I may 
say that these rocks remind me very much of those underlying the southern por- 
tion of the Matapali-Itial limestone band. 

Thus far I can write of i^ose southern beds, nnd the apparent absence or 
non-existence of any red-clay series ; but as the countiy has not yielded to nit; 
any evidence as to the boundary, except that there nni st be one in the approxi 
mate; line I have drawn south-eastward from Madapur, 1 cannot say that tho 
Maleri clays may not be hidden by faulting, or along an old steep shore edge.- 
There is no doubt that the country above this reach of tho Godavari is a good 
deal cut up by dislocation, more genemlly in the east-west line, and there aro 
indications of steep shore edges. 

As bearing on this, however, it may be as well not to leave out of notice a 
very exceptional occurrence of red and green clays some miles further south, 
right in the centre of one; of the most unfrequented parts of this largest jungle 
waste in the Nizam’s dominions. About 13 miles south of Ahilapuram, while 
Avorking oA’^er an immense succession of ferruginous sandstones wliich must 
be reckoned as KAmthis (though 1 have hitherto always strained at an upper 
Gondwana place for them, owdng to their Sironcha facies) on tho Konda- 
j)ai’ty stream I suddenly came on high banks of red clays with green and white 
seams and partings of the well-known Maleri type. I tried all I could to cany 
this outcrop into some sort of relation with tho coarsc-brown sandstones in tho 
adjacent jungle, but without success ; and I can only now record its occurrence, 
Avith the surmise that it is left there in the midst of Kamthi strata by faulting, 
or possibly as an outlying patch. 

Before turning north again to discover more closely the further evidence 
Avhich has been obtained of the red-clay scries, it will be as well again to note tho 
points which have been gained on advanced so far — 

1. The Kota-Maleri group may be considered to consist of two members, an 
upper division characterized by having three well-marked limestone zones, tAvo 
of which contain fish-remains having liassic affinities, and a loAver division 
characterized by a strong development of red clays with remains of reptiles and 
fishes of triassio age. This marked difference of age of animal remains in what 
appears to be one group of a formation is now partly accounted for in the fact 
that the rocks containing one set aro decidedly higher in the group than the 
rocks containing tho other ; and as there is still a certain amount of hesitation^ 
exhibited by my colleagues in their writings on this single point, I may 
be excused for reiterating this important feature in ^e stratigraphy of the Kota- 
Malcris. 

2. In the southern or Godavari area of the Kota-Maleris> the sandstones 
below the Ibsvest biind of limestones have thickened but ^enormously ; and th^ere is 
'no^know^ eulM^lf-toiswering weUto'&e M 
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3. T]i(‘ lowiT Goiidwaiias of Sironcha town are succeeded diivctly by a 
liinoslono baud r)f ihe upper division, eitbor naturally, but abruptly, or Jess prob- 
ably by a faulted boundary ; but ibis would only be evidence of unconformiiy 
between thi‘ lower and u|)|>or Oondw4nas and no^, as T have hithei'to sup 2 ) 0 scd, 
of a break l)eiweeTi the two members of ilic Kota-Maleris. 

4. The Andram sands! ones with Palis^j/a conferta and Ghirolcpi<t 

are to all a 2 > 2 >caranco on a horizon between the Kota and Metapoli-ltial limestone 
zones. 

One more point of evidoneo bearing on tlio relations of the limestone member 
has been obtained in the Angrezpali patch, whi(*h may traverse Mr. Hughes* 
surmise that the red clays tliere are on a higher horizon than those of Maleri : 
for 1 have found limestones of ilie Kota tyj)e lying just along the southern edge 
of this patch of elajs, on the ri^Jit bank of the Clodavan to the east of Hamai’a- 
knnta, between Malarim and Ciondapali. The association is, as usual, no! at uH 
clear owing to the covering alluvial dcjm&its of the river ; but there is no doubt 
of the limestone being there associated witli sandstones overlying the red clays. 

Tiic Maliuu Red Clays. 

I took up these at the typical exposure on the AN^ardha river near Porsa, and 
so carried them southwards, without continuity, but to all a]>pearance and by 
associated sandstones, towards the Jangaon valley, whence they are more easily 
followed into the i)ropor Maleri field. Tlic Porsa red ela^s, however, run under, 
or to write more coiTOctly, run close up to, and must event ually underlie, sandstones 
btdonging to the belt above the Kota zone of limestones. There is no sign of, 
nor can there be any room for, the sandstones below that zone, or for the Itial 
band. There coHaiuly seems to bo at this end of the field CYidonce of a cossa. 
tion of deposition over the northern frontier of the red-clay basin, which portion 
was, however, eventually covered u]) by the later belts of the Kota member (tlic 
third sandstone belt, that of Sarwai and Sarsal ndges). This, of course, is 
virtually only an overlap of these sandstones, not necessarily of tho whole lime- 
stone sub-division ; but there is further evidence yet to como of the possible 
overlap of tho whole sub-division at the Andram end of the field. 

To the south of tho Jangaon i-iver, the rod-clays show in all their decided 
outspread; a fair scries, displayed more especially about hTambala, Komreli, 
and Achlapur, of south-eastward dipping red clay bands with intercalations of 
thin arenaceous beds, and more particularly many bands of grey rubbly calcare- 
ous sandstones with indured red, chocolate, and greenish lumps of clay. Tho 
reptilian remains must have come from bods in the Haleri field, and not from 
any higher be^ds of clay in the upper member, the drainage being all to eastward. 
The easiom edge of the clay basin runs £i;om a little south of Nangaon past 
Gungapui*, Wodule^ Yenkatapor, Kaenapali, and Hakalapali to Isnai tank, some 
7 miles w6st-north<*#eiit of Anaram. Mt* Hughes, in his small map,^ carries 
the western boundajjy o< the clays rai3ter more to the westward than I would 
have it, but there is ^ certainly a section between Naneala and Eebni showing 
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that the clays lap over and round brown sandstones and pebble beds (slj*ikiiig 
north-west to south-east) of unmistakable Kamlhi ty])e with feiTuginous waits 
and fungoid segregations. Mr. Hugiies' boundary does not run down ns far ns 
Jsnai, but my having earned i4 so far is an iin[K)rLant point as fetching the 
lower Gondwana boundary down more to the westward of Anaram wdth a less 
easy curve round the Kdratliis of Lingannpeta. 

Along their eastern edge, the red clays suddenly heemue less pei’sistcnt, and 
nr4‘ succeeded by variegated saudstones with intercalated clay seams, and tlieii 
by a tbiek series of tbick-bedded sandstones wliich is iierhnps most clearly deve- 
loped in the tine cliffs, of 60 to 80 feet high, south ,of Guiigapni*, and this set 
ot beds may be followed towai*ds Naogaon, or south-eastwards past Akalapali, 
l\esM|)ur, Sardapnr, Bamena, and Kondampeta. The red clays undoubtedly now 
cease to be the feature, though thinner and thinner seams show as tliese Gunga- 
jMir sandstones arc follow’od np; but at the top of them and immediately under 
till* limestones of liial is a red elaj band, nevt a thin band of limestone, then 
i‘(*d clays again, and tlien the thick zone of limestones. The difficulty is — 
eonsidoriug that we have never found any of the Maleri re]>tiiiaji and tisli 
remains bi silo — ^to say from which bed these were derived. The calcareous, 
or 1 ‘iibhly calcareous sandstone, or even coarse white grit, usually attach(*(i 
to the specimens, w^ould imply that tliey come fi'om tlio bands of these rooks in 
till* red clays, and that is at a horizon entirely low^cr than the Gnngaimr sand- 
stones ; I am also strongly inclined to consider that this is really the case. 

Krom Venkatapur southwards, the (jungajmr sandstones, or wluit E take* 
to be the representatives of them, show above tbc middle the strong calcareous 
grit, simulating limestone, already rofon*od to, and 1 think this sefan may bo 
traced down as far as Kondampeta at least ; indeed it appeared to mo that it 
runs down even as far south ris the parallel of Isnai. West-south-west of 
Venkatapur, towards Naogaon, &c., 1 did not find the one calcareous band of 
gi’its so clear ; thoi’c appeai’od to be more than one band. 

The Gungapnr sandstones pass along by Naogaon, forming one group wdth 
the tliiok bedded rocks of Aksapur, and 1 think, those of (Jliirakiint, Bolgaon, 
and Balanpur, from all of which Hughes obtained tho fossils onuuieraied in 
bis paper. 

Hughes says (Z.c., p. 28) of those fossils and the localities — 

“ In tho neighbourhood of Idlara there ai*o tho unmistakable red clays with 
lenticular layoi’S of greyish green granular argillaceous sandstones, and sand- 
stones with clay galls, of tho Kota^Malcia group. Thencp to the south as far us 
the range of hills capped by trap, there is no interruption to the series ; and 
at a short distance tip the north face of the range and about a mile and a half 
of Ohiriktot, soft, pale yellow, fossUiferous shinies odtttir that yielded the few 
species Of ferns, oyoads, and conifers, **The same plant {Pdlmya 

was discovered in 1872 by Mr. Fodden between M6hdr and Balanpur, west of 
Jangaon, in sandstones which I have included ns Eota-Maleris.*’ The Shales 
and sandstones neSir JS'aogaon (in which I last year discovered Fttlkepa jahalpur’^ 
ews/s and Araumritee knehemid) are also components of tho groups They may 
be higher in the fccricB than tho M6h4r Baldnpur beds, Umtr plsnt forms sag- 
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iliifl surmise- I caimol ndducc any stvatigrapLical evidence tlint bears 
ii])on the rolationsliij; of the Naogaon and Mdhdr-Balanpur or Chirakunt beds, 
for sections are of the most broken and nninstmetivo character throughout 
the whole of the valley of the Jaiigaon river. » 

1 was not able to visit the C^hirakiint locality, but the V7hole stratigraphic 
features seemed to me to indicate that there might bo a set of rocks, over the red 
^Ia}s, corresponding to the sandstones of Naogaon, for the lie of both sand- 
stones and underlying red claj s is very low or nearly flat over this part of the 
valley, and the fossils wore obtained from a spot a short distance the side 
of the hill range. The Muhar and Balanpur fossils were found in sandstones 
a]>parently above the red chq s ; and 1 ha^* not the smallest doubt but that 
these rocks answer to those of Naogaon, Aksapur, <Src., in fact they belong to the 
(lungapur sandstones, that is, aie above the fossiliferous red clays. Hughes is 
right about their being in the Kota-Maleri group ; but it is highly important that 
their hoidzon in tliis group should be known; and thoi’e is this fact certainly, 
that the Naogaon beds at any rate are Gungaimrs, and that the Gungapurs are 
abo>e the proper red clays. 

Having so far made out a little more as to the horizon of the plant beds of 
tbo Jangaou valley, it would be a most important gain if tbey could be placed 
in accord witb the Anaram beds to the south-east. J can, 1 think, carry the 
Gungiipur sandstone zone down as far as Xondampeta, whence certainly it 
may have curved round to the east -south-east, and so form the Ana ram strata 
loo, iljuH lap])ing over the red clays of Isnai on to tho Kdmthis of Linganapeta. 
This seems a not untowwd lie of tho strata, and it is a very tempting position to 
place them in, as it would give a strong point in favor of the overlap indicated 
ill the Wardha valley ; but 1 cannot satisfy myself on this point. The several 
bands of sandstone and limestone above the red cfays appeard to mo to he all 
running soutJi-cast right at the Linganapeta ground. There is, however, a lower 
lie and a stj’ikc round more to the eastw^ard in the rocks about a mile and a half 
or two miles north of tho latter village, and the red clays sju’ead out rather to 
the south-east of Isnui, so that there may really be a trend round towards 
Yedlabundun. In tho mountimo, 1 prefer to think that the limestone member 
of tho Kota-Maleris does not thin out so easily near Isnai, and that the Anaraiu 
beds’ position is between tho Kota and Itial-Motapali band of limestones. 

The point I would now suggest is, that wo have hero, at the Tsnai end pf tho 
Malori fluid; tolerably present in evidence that the rod clays arc being w^ell 
overlapped by higher and higher strata of tho limestone member belween Isnai 
and Ana ram. 

For th6 whole field of Kota-Malcris, the various points gained or suggested 
may bo summaiizcd thus--* 

Tho series appears fairly separably into two groups, tho Maloris and the 
Kotas, which Lave already been rctorred to in this paper as the Ked-clay and 
Ijimestouo meml)ers Tho Hod-clay orMaleri sub-group is overlai)pod at its 
northern (‘iid, between the Jangaou and Wardha rivew, by an upper saudsione 
^!»onu of tho limostono or KoLa sub-group; and oven before the doubtful boundary 
1x‘twouu the siuulKiones of Sironolin and tbo Kota limestone is reached to tbcj 
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southward the same clays arc again ovor]a])pcd by the Au^lrain siiHia * while 
they do not appear to bo rcpTcseuted in the southern or Qodavari portion of 
Iho hold. 

This separation by overlap tsccords in some measure with what is known of 
the animal remains found in cither. 

The position of the plant- remains is less clear, but that of the Naogaon and 
Anaram, and perhaps of the Balanpur fossils is above Iho rod-clays, there 
being overlap in the Anaram case. I'he plant-slialcs are in sandstones whieli 
run with the red clays up tlio Jangaon valley, btii this, the Gnngapur band of 
arenaceous strata, does not ai^pear to bo rej)reseniod on tho Wardha river, the 
clays there being overlaid by strata to all api)earance higher than the Kota zone 
of limestone ; hence we may infer that iho Gungapur beds are not co-oxtensi\o 
with the clay series at tlio northern end, while they overlaii it at the other end 
of the field. On either view of the hoinzon of the Anaram plant-shales, cillior 
as n thinned-out end of tho Gungapur hods, or as of tho arenaceous zone between 
tbo Itial and Kota limestones, their position is still above tho clays. T have 
endeavoured to explain tho positions of tho OliiiAkunt shales as being also above 
the clays. 

Tho groat difficulty lies in saying whore the Maleris are to bo considered as 
ending, and whore iho Kotos begin. I am fairly at a loss in the proper IVlalori 
field itself, for there ai*e no known sections giving tho relations of the two sub- 
divisions. I tliink tho Kotas must bo considered as commencing witli the Gun- 
g«])iir sandstones even though there bo so many thin scams of rod clay in that 
set of rocks as well os up into tho limestone zones. Tho Gungapur bods are 
thick, and in their constitution they point, on tho whole, to a kind of doiiosition 
totally different to that of the. red clay series, after which a great change must 
liave taken place in the drainage system of the country bordering the Malcri 
basin; while tlio successive overlapping of the succeeding deposits on iho clays 
at iho northern end of tho field indicates a long period of unrepresented time 
during which tho change in animal life might have taken place. 

I would then only modify Mr. Hughes^ latest classification of tho upper 
Gondwdnas so far as to break up his Kota- Maleris into two of the groups pro- 
posed in my original provisional list, which are themselves also modified, inas- 
much as the Anaram beds are now ranged in the Kota group instead of with 
the Sironcha sandstones. 


CaiKULA Sandstones. 

These were followed out to their bounds in this area^ but without giving any 
more evidence as to their relations with the Kotas. However, until more is 
known of theiu, it w01 be better to leave my old correlation of thorn with tb© 
Tripati sandstones of tbO lower Godavari Upper Gondw^nas as a voiy open 
question* In some respeets they are even like tho much newer and tertiary 
Rdjahmandri sandstones of that region. My arguments as to tho ag© of tho 
Bal&npur beds will show that 1 do not think they are at all recognisable by 
position as Ohikialaa. 


n 
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QboLOGY of LaDaK and neighbourino districts, being fourth notice of geology 

OF KashmSr and neighbouring territories, hy B. Ltdekker, B.A., Qeo~ 

logical Stirveij of India, 

(With a map)! 

INTRODUCTION. 

Tho portion of the Himalaya geologically czatninod by myself during tho 
past summer comprises the country on and adjoining the main road from 
Kashmir to Leh, a considerable portion of Drds, Zanskdr, and Ladak; tho 
regions about the Pangong Lake and Ghang-Chenmo, and a part of Bupsu and 
Ki^u. 

A considerable portion of this area has been already traversed by tho lato 
Dr. Stoliezka, and tho serial position of most of the rock-groups occurring 
therein approximately determined.^ Dr. Stoliezka’s survey was, however, mainly 
confined to the high-roads, while my own embraces a large extent of tho sur- 
rounding country. I am, therefore, able to present a fairly complete general map 
of tho greater part of tho districts in question, in place of the isolated rock- 
groups colored in by Dr. Stoliezka. My own more extended observations have 
also led to certain modifications of tho views entertained by Dr. Stoliezka m to 
the relative ages of some of the rocks in those regions, but on the main I agree 
with the conclusions arrived at by our former colleague. I may also add that 
I am indebted to Dr. Stoliczka’s notes for some of tho boundaries shown on the 
map. 

In my previous papers on tho geology of the Kashmir Himalaya, 2 I have 
generally treated the subject in the manner of an itinerary; describing tho 
diiforent rocks as they occurred on my various routes. This method of treat- 
ment, however, would not be suitable to the present area, and I, therefore, pro- 
pose to treat of each group of rocks by ihself. 

In geologically mapping an area which consists in the main of exceedingly 
lofty mountains and elevated valleys, it is of course impossible from the nature 
of tho ground, to bo always perfectly accurate in tracing continuously tho bound- 
aries of the various rock-groups ; not unfrequently, therefore, in my map when 
such boundaries arc far removed from the roads, they must bo considered merely 
as more or less accurate approximations connecting the fixed points where the 
boundaries cross or approrimate to the practicable roads, or accessible regions. 

I shair divide my subject into four main headings, viz. (1), the older 
Palssosoi^B of DrAs and LadAk, (2), tho rocks north of OhAng-Ohenmo, XS), the 
rocka of the ZAnsk&r and LadAk basin, and (4), the rooks of liahAl and Kulu, 
while H a fifth sectioHl shall make some more general remarks on the relations 
of the tckAii oi the whole area. 

I once again havo to deplore the absence of any trace of fossils in the older 
Palasoxioios of tW region surveyed, which absence precludes any minute snb** 

* QtccA* Satv* Indta, Vol. V, pp, 132, Sslsntific resclta of jSeSend tarhsud Mission s 
Otology. 

* Ree. Gsol. Surv. Vol# IX, XI, XBU 
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divisions or correlations of the rook-gronps, and which also renders the inter- 
pretations of their ago open to a certain amount of doubt. # 

In mentioning the names of places in Laddk, I have generally made use of 
the Tibetan name “ La” for a piUss and ‘‘ Tso” for a lake ; thus, Kangi La ” 
for ** Kangi Pass,” and “ Tso Moriri” for Moriri Lake. This avoids such 
barbarous repetitions as Kangi Ld Pass and Tso Moriri Lalcc, which one some- 
times meets with. 

With regard to the propriety of applying the names of the European rock 
series to the rocks of the Himalaya, in cases where no fossil evidence is available, it 
appears to me that, since we have in the Himalaya some of the rock-groups clearly 
indic*atcd as being the homotaxial equivalents of European rocks-gi'oups, it is 
simpler to apply provisionally to the rocks underlying and overlying such known 
horizons, the same names as are applied to the similarly x)Iaccd rocks of Eui'opc. 
I wish, however, at the same time, as 1 have observed elsewhere, to impress on 
the reader most distinctly that I do not for one moment consider that any of 
the Himalayan rocks are exactly equivalent, either in thickness or in time of 
deposition, with the correlated European rocks ; but that I merely indicate 
that the rock sequence in the two regions generally follows the same order. It 
would bo equally easy for^me to invent now terms for each and every Himalayan 
rock-group ; but it appears to mo that when my meaning can be equally- well 
conveyed by the use (in a wide sense) of well-known and well established terms, 
that it is far preferable to employ such terms than to add to the list of now and 
little-known onos^ which already cumber the paths of science to such an appal- 
ling extent. 

I. — Older Paleozoics op DbIs and LadAk. 

In my last published paper on Himalayan Geology,^ I have stated that the 
jaspideous, trappoid and slaty rocks occurring in the neighbourhood of Dras, 
are found, if traced to the westward into the valley of the Kishengonga, to 
underlie the limestones of the Oarbo-Triassic series, and also to correspond in 
niinoralogical composition to the rocks of the Pir Panjal. It may, therefore, 
bo assumed that both the Drds and Pir PanjH crocks are of prc-carboniferous 
age, and that they in all probability roughly approximate to the Silurian.® 

Taking now the Dras Silurian rocks as our storting point, and proceeding in 
a north-easterly direction along the Lad^k road, we shall find that these same 

^ Oeol. Sorv* India, Yot XU, p* 20. 

> This conolusion will be oondnned in the sequel. Dr, StolioeVa (Geology of 2nd Yarkand 
Mission, p. 12) compiu^eB these Drds rocks to the trappoid rooks of Srinagar, and considers them as 
certainly the same; ttom page 16 of the same work we leam that Stolicaka considered the Srinagar 
rocks, like similar ro«^ in ChAng-Chenincb as Biltirian* In a fbrmeir paper (Mem* Oeol. Shnr,, 
India, Vol* % p. he considered part Of the Dris rocks as Carbonifelrons, 

In the first of thesa two papers, StoHcska appears to have considered that the slaty rocks of 
Drds underlay the Tri^ dolomites of the Drds river and Mataian, while in his last notes he 
appears to have considered (as It do) the jancUen a faulted one ; this would account foe the two 
ages assigned to the Dids slaty rocks. In dossing them all as Silurian, Dr. Btoliezka’s Inst 
conclusions agree with my own. In these last notes he also considers the Trias nearest the DrSs 
slates as the newer whsAas in the fifst pfper he classed it as the older (Llhmg). 
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slates and other rocks arc continued about as far as the village of Dandal. Tn 
this district, these rocks are frequently jaspidoous like those on thoroad fronoi Dras 
to Tiled (Tilail) described in my above-quoted paper, and they often acquire a 
black “river-glazing,” while they disintegratip into a dark and heavy iron-sand. 
Occasioual beds of the true slates arc highly ferruginous and weather to a 
rusly-r('d color ; there also sometimes occur thin beds of a coarse conglomerate 
resembling that found among the slates of the Pir Panjal, the occurrence of 
which confirms the identity of the rocks of the two districts ; near Dras the 
rock is like some of the trajjpoid rocks of Kashmir. 

Still following the course of the Dras river, we find, below Dandal, the rocks 
gradually assuming a hornblcndic cliaracter, and not nnfi'equontly containiug 
crystals of pure hornblende of a large size. Near the liaJtlng place of Tasbgdm, 
the strata are thrown into several small anticlinals, the lowest cx2)Osed beds 
consisting of a dark-colored syenitic gneiss,* while the higher bods consist of the 
Dras slaty rocks ; from the latter to the former, there is a complete and imper- 
ceptible passage through the above-mentioned hornblemlic rocks, so that 1 conic 
to tlio conclusion that the lower part of the slaie-serios has hero been altered 
into gneiss. 

From Tashgam to near the junction of the Drds witlt the Shingo-Sliigar 
river we have alternations of small gneiss anticlinal if overlaid by slaty rocks 
•Some of tlio latter closely resemble in tlioir minoralogical oliaractors the massive 
bluish roi'ks of tho Pauj<il series, which occur at and near Shfsha-Nag in 
Kashmir,-' while others are like tJio ferniginous slate rocks of Dras. 

Near tho junction of the two rivers meutionod above, we come upon a massive 
ligbt-eolored syonitie gneiss (syenitoidito) which seems to underlie conformably 
the transition rocks. 

Another ridge of the same (generally syenitic)* gneiss occurs immediately to 
tho north of Drds, apparently underlying the slates of Drds on tho one side, and 
t'ue transitional rocks of Tjihligam on tho otlier. I have not traced these rocks far 
to tho north-west of the Ladak road^ but I have already mentioned® that giu^iss 
pebbles occur in tlio Burzil river on ^he Kasbmfr and Astor road ; and General 
Oanningham’ also states that tlio table-land of Doosai or Deotsu (to tbo noi*tb- 
wost of my map), consists jirincipally of granite, by which he doubtless meaus 
the same gneiss : there is, therefore, every probability that a continuous band of 
these ciystallines extends to the north-west of Drds and Kargil. The eastward 
extonsion of this Doosai and Drds gneiss will bo described below. 

The gneiss anticlinals near Tashgdm are probably the highest bods of the main 
gneiss ridges^ and are frequently dark colored ; but as the main mass of the 
rocks between the two ridges of gneiss are the same as the slates of Drds, they 
have bSen CH)lorod of tho same tint in the ipap* Wo shall^ however, subsequently 

The ol the north- weiitera UimnlAyeu gneise which I have seen, whether homhlendie or 

uiicaroous, Is granitlo in structure, and uever^dsstlnctly foliated* Tht homhloiidlc variety may be 
termed “syoiiitoiditft^^ and the micaceous gmnltoiditflr/^ 

» Rec. Ow»l Snre, Jnik$ Vcl. XI, p, 44 
• Reo* GooL Surv. IndK VoK Xfl, p. U. 

•♦'bRdik/’p. 57. 
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see that in Ladik portions of the slato aeries are sonactimos locally altered into 
a dark-colored gneiss which overlies the massive lighter-colored gneiss, and the 
same may not improbably bo the case with the Tashgam rocks. 

^'o the eastward of Dras, tho slaty rocks may bo traced across the Sum river 
as far as a lino running nearly from north-west to souih-cast through Miilliet- 
rilng Station, where the rocks of the great Triassic series appear to be faulted 
against them. To the south and south-east the same slates overlie the gneiss 
of Sam and Runddm, and wore identified by Dr. Stoliezka as undoubted 
Siluiians. If, as I infer from Dr. Stoliezka’s notes, tho gneiss of Sum is over- 
laid conformably by tho slates, the former may X)robnbly be the same as the 
gneiss of Drds and tho Shingo-Shigar river: this question will be discussed 
more fully in tho sequel. The Sum Silurian slates liave been traced by Dr. 
Stoliezka in a band running south-south-east from Rilndilm to tho south of 
Zanskir, and arc there continuous with those of North Ijahiil and Spiti, which 
wdl be referred to again in tho third section of this ])apor. 

Returning to the main axis of gneiss to tho noiih of Tashgdra, T proceed to 
trace its eastward extension, and to consider its relations to other rocks to the 
east. From tlio junction of tho Dras with tho Shingo-Shigar river, tho gnoiss 
extends jatli-oast as far as Kargil and Chatiu, whei'c it is overlaid by tho 

^J'ertiary gories. From Kargil I liave traced the gneiss down tho Sunt and Dras 
» rivers as far as tho Indus, but did not roach its northern limit. Tho gnoiss in 
this district is somotiraos fiiio-graincd and dark-colored, and at oth('r times 
coarse-grained and light-colored. At Kargil a very massive light-colored gneiss, 
without any trace of stratidcation, underlies the darker and more distinctly sira- 
lifted upper gneiss. 

From Kargil the southern boundary of the crystalline series mns in a gono- 
j'ally south-easterly direction.*- It. keeps to the south of ilic Indus till near the 
village of Dorgu, when it crosses to the northern bank. To tho eastward of 
Dorgu the boundary forms a sinuous line along tho bed of tho Indus for somo 
miles ; it then runs at somo distanco to the north of the river, passing close to tho 
villages of Skining, Fharka, Himis, and Ling : from the last-named i)lace tho 
boundaTy bears to tho south-east, till it again joins, the Indus at Pittak, south of 
Leh, To tho south-east of Pittak tho southern boundaay of the crystallines 
follows approximately the course of tho Indus, generally mnning somewhat to tho 
north, and has boon traced as far as a point due south of tho PangUr Lake. 

It now remains to say something of the composition, and relations to other 
rocks, of the Ladik crystallines* 

To the south-east of Ehrgil along the Indus valley the gneiss usually consists 
of the light-ooloxed massivo variety, and has generally a north-easterly dip, so 
that the older beds appear along the valley of the Indus and tho newer towards 
tho top of the KaiUs range. 

The oomposltion of i^e rock varies oonsidejwbly ; in most cases, indeed, the 

' The range on the right bank of the Indue in Laddk has been termed by Generel Otumhig* 
ham {** Ladak,’* p. 43) the KaiMs range,** a name which I adopt here ; in the ** Hsnasi 4f the 
Geology of India ” tbi<| range is called the Laddk range.'*. This range forms a blanch 

of the range north of the Manaj{arowar Xiako* 
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rock is a true syonitic gneiss, consisting of quartz felspar and hornblende. This 
is, however, not always the case, since T have already shown > that the gneiss of 
Drds has a true granitic composition, consisting of quartz, felspar, and two kinds 
of mica. Near the village of Hinds, to the west of Leh, I collected the following 
varieties of crystalline rocks,* viz . — 

GiieUs, Mica in small flakes. (Qranitoidito.) 

Sycuitic gneiss ; a. Pink orthoolasc. (Syenitoidito.) 
h. White do. 

Pegmatitio gneiss. (Pegmatoidiio.) 

Hornblende rock a. Small crystals of Hornblende. 
h. Largo ditto. 

The hornblende rock usually occurs in small irregular patches. 

At Tdnkse, 40 miles to the cast of Loh, the greater portion of the gneiss is 
porphyritic, containing yiumcrous ciystals of white orthoclaso ; near Shushil, 
45 miles to the south-east, flic orthoclase is pink colored. In the Chimray 
valley, on the Leh and Tdnkse road, the gneiss is traversed in all directions by 
veins of an intrusive rock, agreeing with some specimens of the albito granite of 
Dr. Stoliezka. This granite is very light-colored, and consists of quartz, albito 
felspar, and black mica ; the latter occurs in large flakes, and not unfrcquently 
forms a thin coating to quartz crystals of very large size. This albite-granite 
intrusion is voiy characteristic of the central gneiss.^ ^ 

With regard to the relations of the Laddk gneiss to other rocks, the most 
clear sections arc displayed near Tdnkse and the Pangong lake, and I accord- 
ingly commence with those districts. At Tdnkse itself wo find the crystalline 
rook to be a massive white, and generally porphyritic, syenitio-gneiss, the higher 
beds consisting frequently of alternations of dark and light bands. To the 
south-ejwt of the village of Ohilam, near Tdnkse, this porphyritic gneiss is 
distinctly soon to bo overlaid by w hite and greenish quartzitic sandstones, black 
and green slates, banded jaspidco us rocks, a few conglomerates, and the peculiar 
massive half-slaty half-sandy rock, so characteristic of the Silurians of the Drds 
river. The whole of the slaty series, both in structure and in position, exactly 
resembles the slate series of Dpds, and there seems to me but little doubt that 
they are one and the same series. This slate series forms a long narrow ellipse 
oxtending from near Tayar, in a south-easterly diroctiou, to a point south of tho 
Fangdr lake. Tho centre of this ellipse shows hero and there a contra! core of 
white nou-pprphyritic gneiss underlying tho slates, and forming the highest 
peaks of the range. 

In the Chllam valley tho northern boundary of this ellipse appears to bo a 
faulted as on tho north side of that valley |||||)have hills of gneiss with a 
northerly djp^ while to the south there are dark underlaid by gneiss (at 

tho base cd itody) with a southerly iipi ihio f atilt is apparently continued far 

k 

> Bee. Qeol. 6arv* Voh 

>InM»lafttiie<e»{C!4elagyof SndtiM^)^ p. Dr. BtoUeaka numtions tho 

vaded comprMHlati of tho hftdtk gndis, whieh ho hfid previously descrihed as syenlUo. 

* ; Mm. Gaol. 'Vol. V# p. W* 

Me*Mahou ; Uec. Oool dorr. ladia, Vol I; p, 
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to the BOttth-east. To the north-west of T^uksc, tho fault, on tho other hand, 
seems to have died out, and tho slates appear to rest conformably in a regular syn- 
clinal of the gneiss. Taking a transTersc section to tlio soutK-west from T^nkse 
md tho Kki Ld, wo find to tho eas^of Kai Tso tho slate series with a north-easterly 
dip, underlaid conformably by the white non-porphyritic gneiss of tho Indus 
valley. This gneiss, especially in its higher beds, contains not unfrequontly bands 
of a darker color, as we found to be tho caso at Tanksc. 

Some of tho slates, in tho middle of tho scries, between Tdnkso and tho Kai 
La hove been locally altered into a fine-grained, dark-colored, and generally 
imperfectly crystallized gneiss, quite distinct in chai'actor from the underlying 
white gneiss. Further to the north-west on tho road between Tankso and 
the Chang Ld, the upper dark gneiss, altered out of tho slates, is seen 
resting on and passing down into tho white gneiss of Tdnkse. This section, 
therefore, establishes the important fact that there exists in Laddk gneiss of 
two distinct ages... one altered out of Silurian slates, and another underlying 
such slates, but apparently also, at all events partly, altered out of an older con- 
formable series. This fact may load, as mentioned, to tho inference that tho 
darker colored and higher gneiss of Kargil, already referred to, may really 
very possibly be the altered Silurians, though, as before said, tho question 
cannot at present bo definitely settled. 

♦ As already stated, the white gneiss of tho Indus valley dips generally to tho 
north-east, and the higher beds consequently form tho summit of tlie Kailis 
range. Along tho greater part of tho Indus valley in Ladak the white gneiss 
continues to tho crest of the range, but noaz* Loh itself, below the Kbardong La * 
and Ldswan Ld, we find the white sycnitic gneiss [overlaid by alternating bands 
of dark and light-colored gneiss like the higher gneiss of Tankso and tho Kiii 
Ld. This striped gneiss is again succeeded by an imperfectly crystalline, dark- 
colored, and fine-grained gneiss, alternating with partially altered slaty rocks, 
and oocasional unaltered slates. These rocks appear to occupy a synclinal ellipse 
in tho white gneiss, the boundaries of which are approximately indicated on tho 
map. From the nature and position of these rocks, I have little doubt but that 
they are the altered equivalents of the slates to the south of Tankso, and they 
have been colored accordingly in the map ; this is, however, only a conjectural 
correlation. 

To the northward of Leh, the cxyetalline scries has been traced by Dr. Bellow 
along the Shahiddla and Torkand road as far as Sa-Sango where it appears to 
be succeeded by Silurian slates. 

Betuming once again to the T&nkse district, we fin4 that the range to tho 
south-east of T&afcse, running palraJlel to the north-western half of the Pan* 
gong lake, oonsiets of the porphyritio gnejbs of Tdnkse. This gneiss X 
have traoed some distanoe to the soni^-eiist of iShush41| where it is overlaid by 
Silurian slates, connecting tjhose to the south of Tankso with those of the Pan* 
gong lake, which be referred to immediately. On the northern flanpfc Of the 

1 Hub puBB \9 calM on the TopCgrsphiosl Survey mpi thS Lscwchi Lf , though It Is slwayo 
spoken of by the ustiveB ss the Kh&etog 
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T&nkse range, to ilic uoHh-coHt of Tankse, we have a regular ascending series 
of gnoissic rocks . The higher beds become gradually interstratified with unaltcr- 
od slates and sandstones, with some banded jaspideous rocks ; till finally all 
gneiss disappears, and the series consists solely of slaty and sandstone rocks, 
corresponding exactly in minoralogical character with the slaty series to the 
south of Tinkso. TJio transition from the crystalline to the slate series is, how- 
ever, hero so very gradual that only an arbitrary boundary can bo drawn, but 
the higher gneissio rocks aro probably altered Silurians. 

The slaty series I have traced to the north-west to the Shyok river, and to 
the south-east, along the whole length of the Pangong and Pangur lakes : its 
north-eastern boundary I shall refer to subsequently. Near 13api Station to the 
south-east of the Pangiir lake, the slates are underlaid by a core of granitoid 
gneiss. We liavo already seen that to the north-east of Tankse there is a 
regular sequence from the crystalline to the slate series ; along the south-western 
shore of the Pangoug lake, on iho other hand, tho junction between the two 
series seems to bo a faulted one, the black slates and green shales and saiid- 
slonos which form a narrow band along this shore of tho lake dipping towards 
tho gneiss. S till further to tho south-east the junction again appears to bo a 
normal one. In tho mineralogical composition of the rocks surrounding the 
Fangong lake, there is very great variety, but with one exception they consist 
mainly of colored slates, shales and sandstones. 1 have already mentioned iho ^ 
composition of thoso rooks on the south-western shore of iho lake, and need not, 
therefore, refer to them again. On tho opposite shore, in addition to the rocks 
of tho south-western shore, there also occur banded jaspideous rocks, together 
with tho slaty-sandy rock of the Ords river, and true slates which weather to a 
rusty rod color like those in the neighboiirJiood of Dras, already noticed. TJio 
mineralogical composition of these Pangong rocks ’affords by itself alone abund- 
antly sufficient evidence to show that they are tho equivalents of the slate series 
of Dris and of the country to the south of Tankso. 

At tho north-western extremity of the Pangong lake, whore tho original rela- 
tions of the rocks liave been greatly disturbed by faulting and inversion, there 
occurs a great local development of a glistening white saccharoid quartzitic sand, 
stone or quartzite, which superiorly gradually becomes calcareous, and passes 
by imperceptible degrees into a pale blue limestone. This rock overlies tho slate 
series of the Pangong lake, and is apparently faulted against the ridge of gneiss 
to the souths This very characteristic saccharoid sandstone and limestone is 
precisely similar in mineralogical composition to the rocks underlying tho 
Triassio series in South Bupsu, which we shall subsequently show to be probably 
of Caarboniferous age. This identification confirms our conclusion as to tho Silu- 
rian age of slaty rooks of Pangong and Dr&, tiie former of which underlie 
the sandstone and limestone. 

Some toiles to the eonth-eas^'of the village of Shnahil^ at the Saki JA, and 
eUowheroin the oeighbotirhood, there oooor other ontljing masses of bluo 
lipt«stoaes aul white sandstones, which seem nndonbtedly to be the same as 
jhfise at tho north’ western end of tho Pangong lake. 
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The Pangong slates lit* to tlie north against a I'idgo of gneiss which runs in 
the normal Himalayan strike, on the line of the Marsemik pass. To the soulli- 
cast of the Tdtar camp at Chagra, the slates appear to he fanlted against tlie gneisvS, 
hut to the north-west of a spur of gneiss ininning towards tiio south from Chagra, 
the slates conformably overlie the gneiss. The highest beds of the gneiss consist 
of alternations of light and dark bands, some of the latter being garneiiferous, 
like similarly situated gneiss in Pangi.^ The gneiss of the Mflsemik Lti itself 
is usually porphyritio like that of Tankse ; to the north-w('st it is continued to tlie 
valley of the Shyok, and to the south-east I have traced it some distance over 
the border into Chinese Tibet. This ridge of gn(‘iss appears to form an anti- 
clinal axis, since on the north side of the Masemik La it has a noi’th-eastorly 
dip, and is overlaid conformably by slates, sandstones, jaspideous rocks, and the 
bofoi’C'-montioned massive, slaty-sandy, or trappoid rock, so cliaracfceristic of tlio 
Di4b Silurians. Many of the higher beds of the* crystalline series consist of a 
dark-colored hornblendic rock with bronzite, similar to a rock which occurs in 
the same position in tho Tankso valley section. Those massive trappoid rooks 
were apparently considered by Ur. Stoliezka* to show some signs of an igneous 
origin, and also to show some resemblance to the Silurian series of Srinagar ; 
my own opinion is, tliat none of these rocks are of igncoiivS origin, thougli they do, 
undoubtedly, very closely resemble some of the trap])oid rocks of the Kashmir 
Silurian series, some of which have probably been brought to their j)rosont 
condition by metamorphio action.® Prom tlio summit of tho JMusemik La to 
the bed of the Chdng-Chenmo i*iver, avo have a generally ascending section 
tlirougli these same slaty rocks : a short distance on tho north side of the pass, 
some of those rocks have been locally altoi*cd into a dark-coloi*ed gneiss, similar in 
character to that which I have already referred to, as occupying a corresponding 
position in tlio Tankso valley. On tho Chang-Clionmo rivor, tho slate series 
seems to bo faulted against massivo Triassic limestones, which 1 shall notice 
again in tho succeeding section of this paper. 

Dr. Stoliczka^ seems to have considered that tho gnoissic rooks of tlic Mas(*- 
mik hi wore an altered portion of tho slate scries of the Chang-Oheuino valley, 
and that consequently both were of Silurian age. There appears to me, however, 
to be a clear case of the superposition of tho latter on tho former, as in tlie 
other sections of similar rocks already described. 

The rocks to the south of the Chang-Chonmo valley, as I have said, wore 
referred by 'Dr. Stoliezka® to tho Siluiian. Dr. Stoliezka also compaiu)s these 
rocks to the trappoid rocks of Srinagar, whence we may conclude that ho also 
considered them to bo Silurian. Both those rooks are, however, similar in char- 
acter to those to tho south of Bras, which Stoliezka* at first classed as Carboni- 
ferous, but which appear to me to bo Silurian. 

1 Kec. Qool Sorv. of India, Vol. XT, p. 54. 

3 Manual of Qoology of p. 653. 

3 See Kec. Geoh Snnr. Of India, Vol. XI p. 36, et seq, 

* Geology of Second Yarkand Hlssion, p. 16. 

« I&id, p. 16. 

^ Mem. of tho GeoL Surv. of India, Vol. V, p. 3PJ. 



34 


Becords of the Geological Stmeii of India. 


[voL. Xlll. 


This completes the description of the older palaeozoic rooks of the Dras district, 
and of the norther bank of ilio upper Indus, as far as I am at present acquainted 
with them. A further discussion as to their precise geological age, and as to 
their relations with the palaeozoics of other regions of the Himalaya, will find a 
more buitablo place in the concluding section of this paper. 

IT. — Rocks norih of Chanq-Chunmo River. 

In the previous section of this paper, I have traced the Drag slaty series as 
far as the left bank of the Chang-Chonmo river, where it is separated, by wliat 
seems undoubtedly to be a faulted line, from a totally distinct series of rocks 
which forms the low cliffs on the opposite bank ; the two series of rocks occur 
on a broken anticlinal axis. 

The rocks on the right bank of the river are to a great extent composed of 
the characteristic whitt‘ Trijxssic dolomitic limestone so frequently referred to in 
my former papers : a short distance north of the river, these rocks are traversed 
by a synclinal axis. The hiqher beds exposed in this synclinal are haid and 
crystalline, while the lower beds consist mainly of a soft white dolomite like that 
of Ammitb cave in the Lidar valley of Kashmir ; some soft reddish shales and 
a brccciatcd red conglomerate occur locally in the lower beds. Metjalodon is of 
common occurrence in these limestones, and Dr. Sloliczka also obtained from 
them DIcerocardinm there can, therefore, bo no doubt as to their age. 

To the northward these Triassic dolomites are underlaid by carbonaceous 
shales, not unfrequently containing crinoids and, according to Dr. Stoliczka- 
fucoids, and then again by dark slaty shales, sandstones, and occasional lime, 
stones, forming a somewhat folded series. Still further noi*th, these rocks are 
underlaid by an anticlinal of rocks which seem ip be the Silurian Drds series, 
which, according to Dr. Stoliezka, are again succeeded furtlier north by Carboni- 
ferous and Tria&sic rocks, the lattei* probably forming the greater i)art of the 
dreary plains of Depsang, to the north of my map. 

From the relations of the crinoidal shale and sandstone series to the Trias 
dolomite, I consider that the former rocks must undoubtedly be considered as of 
Carboniferous ago — an opinion also held by Dr. Stoliezka who noticed their 
resomblanco to tho rocks belonging to that period in Spiti. 

In tho Chdng-Chenmo valley the notes of Dr. Stoliezka® make mention of 
some sandstones and conglomerates which he donbttully considers as tho repre- 
sentative of the Ladik Eocenes. Those rocks are also much mixed with shales, 
and when I first entered fche Chang-Ohenmo valley, I was at once struck with 
thoir re^mblonco to the Tertiaries ; tho sections are a good deal obsenrod by debris, 
but I fonhd a portion of a conglomerate, which is strikingly like tho Tertiary 
conglomerl^te of Mim (described below), distinctly underlying the Trias dolomite ; 
and 1 think that these doubtful rocks belong to tbe Carboniferous seiies, the 
strong resemblance of whiclf to the Tertiaries elsewhere will be noticed in tho 
sequel There are certainly no Eocene rooks on the Pangong lake, such as are 

* Geology of Sooond ITarkabd p. 17. 

® IW., pp. 17-X8 
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referred to (probably by Bomo clerical error) in the above-quoted passage from 
Dr. Stoliozka’s notes. 

III. — Rocks op thii Lap<k and ZAnsk^Ir basin. 

• 

T now come to the consideration of a series of rocks mosily newer than tliose 
of which I have already treated, which occupy a largo clJiplical area bounded 
to the norili by the crystalline series described in the lust section, and to the west 
and south by the Silurians which rest on the gneiss of the Ziiiiskar range, already 
described in a previous paj)er.* The area occupied by these rocks comimjhends 
a considerable portion of Ladak and nearly the whole of Zanskir, together with 
parts of Rupsu and other districts. As Lndik and Zdnskar form the gi’oator 
part of this area, it may bo well termed the “ Ladak and Zdnskar basin.” The 
whole of this largo area has not at present been completely surveyed, owing to the 
very diffioult nature of the country, but sufliciout is known to indicate the general 
distribution of the rocks. I have said that the greater portion of tlie rocks in 
this area are newer than those previouly treated of ; but from the south-eastern 
extremity of the basin a I'idgo of older rocks runs up, separating this end of tho 
basin into two divisions. I shall treat of the rocks of this area in their serial 
order, commencing with tho I'criiaries. Tt may be observed that tho long axis 
of this basin or ellipse has the normal Himalayan north-westerly and south- 
easterly strike. 

The Tcrliaries, 

The Tertiary series forms the north-eastern band of tho area under considera- 
tion and, rests immediately on tho Laddk crystallines. Coming from the west, 
these Tertiary rocks are first met with close to tlie town of Kai^il, where they 
rest unconformably upon a denuded surface of the syonitic gneiss, and have a 
low and regular dip to the south-etist. Masses of the gneiss may hero and tliere 
bo observed within the Tcrtiaiy area, protruding through the newer rocks. The 
lower beds of the Tertiaries near Kargil consist of soft grey and brown sand- 
stones, shales, slates, and limestonosy with here and there bands of conglomerate. 
Near the village of Pashkam the dip of tho rocks has increased, being about 40®, 
and the higher beds, which are here well exhibited, consist of bright purple and 
green shales and sandstones, with occasional bands of a yellowish sandy lime- 
stone. 

The northern boundary of the Tertiary zono is continuous with tho southern 
boundary of tho Lad4k ciystalliues, and need not be exactly traced, and I, 
therefore^ at once proceed to describe certain sections of the Tertiaries which 
will best exhibit the general characters of these rooks. 

It may, first of all, be observed as a very important point, that along the 
whole of the northern boundaiy of these rocks, from Kargil to south of the 
Pangdr lake, (a di8tasi<*e of nearly 200 miles), the dip of these rocks is to the 
south-west, and thAt to the westward of Leh the same dip continues (with an occa- 
sional exception) throughout the entire width of the series. For some distance to 
the west ol Leh this dip seldom exceeds 30® or 40“, and is of great 

* Bee, Oeeb Sarv, ef India, Vol* XI, p. 62 , 
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and free from contortions. To tlio cast of Leh these rocks, except along the 
northern border, have undergone a greater amount of disturbance. 

The sections which exhibit most clearly the relations of the TeiHuarics and 
the gneiss are found below the point where t\\e Kashmir and Lad^k road enters 
(he valley ol the Indus at Klialchi Near the village of Inamdoh the lower 
IVrli.iries, here consisting chiefly of slates and sandstones, are seen resting 
UQconformably upon a denuded escarpment of the gneiss. The surface of the 
escariimont has an average slo]>e of about 25^=^ to the south-west, this slope being 
irregular and bearing numerous hillocks and hollows : the dip of the gneiss is 
to the north-east. 

The Tertiaries rest upon this &loj>ing and denuded surface with a dip slightly 
lower than the plane of the slope. Tlie lowest beds of the Tertiaries, which 
occur at the base of the slope, nrv cut off higher up by the projecting hillocks 
of gneiss, while the highcj* beds extend considerably further up the slope, thus 
allowing a clear case of ONcrla]). Numerous analogous sections may ho seen 
in the neighbourhood, but the one quoted niTords ample evidence to prove that 
the junction between the two series oi rocks is a natural one, and that the Kailas 
crystalline range formed the old shore line of the gulf in which the Tertiaries 
were deposited. 

I have said that at Inamdoh tlie longer Tertiancs consist of slates and 
sandstones ; this composition is, however, not constant in tho neighbourhood, 
since we not unfrcquently find the lower slates replaced by coarse conglomerates 
containing rolled pebbles of the crystalline and other rocks. This conglomerate 
is of groat thickness on tho Khalchi and Dhiimkar (Dhumkur) streams, and it 
scorns, from here to Lch, to occur on all the tributary streams descending from 
the Kailas range of crystallines to the Indus, and not in tho intervals botwoen such 
streams. Jf I am right in this interpretation, and 1 think I am, wc must conclude 
that the dniiiingo system of tho southern side of the gneiss range followed tho 
same approximate lines during the depObition of the Tertiary rooks, as it does 
at the present time. 

A transverse section from north to south of the Tertiaries at Khalchi may 
be taken as a typical example of the scries in this district. The lower beds, 
as we have already seen, are composed either of conglomerates, grits, sandstones, 
or lAates, according to their relative position to the streams. The sandstones 
not unfrcquently show ripplo-mark, and the slates are generally grey in color, 
v&xy hard,* and almost indistinguishable in hand specimens from the paloaozoic 
slates which occur to tho south of tho Tertiaries. The succeeding zone of bods 
consists oilt orange and brown oalcaroous sandstones, with occasional shales. Those 
arefdllowd by purple and groon shalos whidi are almost indistinguishable 
from the SuhAthu rocks, and which are well represented on tho 

Indus at and Basgo. Between tho viijlagee of Kalchi and Kolra, in 

the Indus vaBqy, ‘a thick b:|ad of coarse, hlne, shelly ♦ limestone overlies tho 
oolorod shsles. This limestone may also be seen on the Kashmir and Badak 
road at the jnne^ of the LAma^Tum sircmih iriiih the Indus, and again on tho 
SSAlaskjr rivor Ic the south of Kimo, so that it donbtiisss a continuous 
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band. In tbifl limestnno near Kbalclii * I found a species oi Turho^ and numbers 
of little disks wliich I believe to bo Nummulitos, though their stnioturo is 
obliterated. On the Zanskdr rivei% on tlio other hand, nummulites are extremely 
abundant in this limestone, andyatr*i^worn pebbles exhibiting sections of these 
fossils show the banks of the Indus at Nimo." The niJmmulite, which is charac- 
teristic of this limestone, is, Mr. Blanford informs me, N, rmjmondi, an Eocene 
species, which fixes the age of these rocks : this species with N, QX}mnem were 
obtained from these rocks by J)r. Stoliezka. 

In the Indus valley between Khalchi and Nimo the nummulitic limestone is 
overlaid by several feet of a coarse conglomerate, containing pebbles of the 
underlying limestone : tliis conglomerate is aijpai*eritly eotiloruuible to the liiui'- 
stono, and is fcuccoeded by shales and slates. The Tertiary sedim<‘ntary serits 
near Khalchi may bo tabulated as follows * — 

^ SbalcB and ol.itos. 

Uppeb . 3 liiinostoiio i‘ongloinoiMte 
C Ikumnmlitic liino&toiic. 

Midblie i Purple and giecn slmloa and Bnudsioncu. 

’ f Orange and brown calcaroou*. baiulst()ncs and alialofl. 

Loweb ... Groy and brow 11 slates, sandsioiieB, grits, or congloinerntos; tliO Raiidsloiics 
often njiplo-iiiaikcd. 

Such is the normal section of the Eocenes at and below Khalchi : above the 
lattc'r place, on the other hand, a very different condition prevails in the lower 
beds. On the Saspdl stream the boundary between the Eocenes and the Palaeo- 
zoics runs close to the upper Kashmir and Ladcik road. The lower Eocenes, 
which are inclined t6 the south-wesl at an angle of about 25^, consist of very 
soft brown and yellow sandstones, very frequently showing cross-bedding, Jn 
these sandstones are embedded vast quantities of blocks of the gneiss of the 
Kailas range, many of them several foot in diameter. Some of the isolated 
blocks showed tlio sandstone strata bending down below them, as if they liad 
been dropped from above on to the still soft sand : two blocks were polished in 
a manner suggesting ice-action. The soft sandsione, with its boulders, lies 
unconformably on the gneiss, corresponding in position to the lower slates and 
conglomerates of the Khalchi section ; it is overlaid by harder green shales and 
the middle Eocenes. Near the village of Ling the lowest strata consist of soft 
colored gypseous shales with occasional bands of *a compact buff limestone; this 
limestone contains numerous specimens of a large species of JEstheriaj ihci^ 
strata are again overlaid by iho purple Subdthu-liko rocks* At !f9‘imo again» 
there occur soft sandstone strata with embedded gneiss blocks, which are very 

> It is msntiousd by Mr Davidson, in dcscr4,ng some colloctod in Iiaddk by Col, 

(then Capi.) Godwin Anaton, (Q. J. G, S. Ii., VoU XlSLlI, p* 88) that IIlppnritcB were isosn 
in a rook at a place rolled Kalatyt on thoUppsr Indus ; I think that Kalatys mnst be the 
flame place as KhaWlb!, wblob !a idao oalUd KaUtse. 1 should, however, ho very mnob tn^ 
dined to dottbt the ooeinwafsce of Mippuriies dther at this idaoe or anywhere else idong 
the Upper Indaa^ the easrsa bf which lies in or near the Tertiarios. ^ ^ 

> I spell this namh an4 nioninuos otbem without the initial 8, which seems to be 

omitted in pronnhchlt^ SWfjlrly, for S*Nol», jKlo fcr S*Kio, Tok 

perly ako Pit! for but 8pilA has acq^tdred a general aeceptanciN , * 
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wlightly inclined, but which from their structure seem to correspond with the 
lower Kocones of the Saspdl btream ; their relations to the higher Eocenes are 
not, however, well displayed, and to the south-east they are concealed by a 
modem boulder deposit, which also covers thi^ base of the Tei-tiaiy series near 
Leh, where it has been much denuded away along the valley of the Indus. 
Above Leh, however, near the village of Arpa, we find the hard gneiss conglo- 
Tu orate occurring low down in the Tertiary series, underlaid along the bed of the 
Indus by soft gi*avels, conglomerates, sandstones and clays with a south-westerly 
dip of about 16®. The conglomerate contains pebbles of a trap, which is thus 
shown to be of loifni-Eoccne age, but whoso origin is not certain : the lowest 
conglomerate also contains pebbles of blue limestone and buff dolomite probably 
derived from rocks of the Carbo-Triassic series, and indicating former outcrojis 
of these rocks now probably concealed by the Tertiaries. Occasional blocks of 
gneiss, several feet in diameter, occur in the sandstones. From the softness of 
these rocks they have in gi*oiit part been denuded away by the Indus, and only 
])aiehos remain here and there. 

I can but think that ice-action has played some part in the formation of 
these lower Eocene strata, as it seems to mo very difficult to imagine that water 
power alone could have placed tlicse blocks in their present position witJiout 
scouring out the soft sand in which they are embedded. I have, however, no 
positive proof to bring forward in support o? this view. 

I will now describe two sections taken across the nummulitics higher up the 
Indus than the former, the first being an ascending and the second a descending 
section. The first section is taken from the Indus valley below Leh to Kio in 
Zanskar. The lowest nummulitics exposed on the Indus near the village of 
Phay, consist of brown and green sandstones, mingled with coarse conglomerates 
and gi*its ; the sandstones are often ripple-marked, and the pebbles in the con- 
glomerate consist mainly of gneiss, wliile tho grits are composed of coarse 
gneissic sand precisely similar to that which at the present time is found in tho 
valley of the Indus. In the higher part of the series, near Urdoha, purple and 
green shales and slates succeed and partly replace the grits, forming an anti- 
clinal resting upon green and^brown splintery shales. Tho higher slates contain 
numerous bands of earthy limestone abounding in nummulites ; the latter are 
particularly common near the village of Shingo,^ where I also obtained a species 
of Corns, The rocks are here much folded, but tho foldings aro regular and open, 
and never show the minute contortions and cramplings so characteristic of the 
older rocks* Some 2 miles above the village of £io the nummulitio rocks are 
overlaid by several hundred feet of a coarso conglomerate, which is here nearly 
vertaoaL The relation of this conglomerate to tho shales is not very clear, 
but it appears to lie in a synclinal axis, being again underlaid by colored 
shales nearer ; the great mass of purple sheies are, however, unrepresented 
below th^ oongloplerates at Kio $ close to Hho latter plaoe the Tertiariesate under- 
laid uAoonforin4bIy by Carboniferous rocks. The higher Tertiaiy conglomerate, 
here ^and in otlier parts of the same line, Oentains numerous pebbles of the 

' ^ Th9 village of Bhingo is idsced in the Atlss Sheet U or 2 milos too esm to Kis. 
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underlying nummuliforous limestone, clearly showing that the former rock is 
the newest of the Tertiary series. 

The next section is taken clown the Gia river from Latho to Upshi on the 
Indus. On the left bank of thefidver at lijifho iho upper conglomerates are 
nearly vertical, but with a slight northerly dip : they rest to the south on green 
and purple shales, with false bedding, which at first sight has somewhat tlio 
appearance of unconformity; this is, however, but a local condition, and on 
either side oonformability is clear. The conglomerates, which can bo traced 
contflluously along the southern border of the Tei*tiary zone from Kio to this 
point, form a regular synclinal axis, and as they descend gradually all ornate 
with greenish-colored sandstones : they contain pebbles both of the older Tertiary 
and of the neighbouring Palajozoic rocks. Further down the Gia river, these 
conglomerates arc underlaid by green and red shales, sandstones, grits and 
conglomerates ; and the whole scries is mucli contorted. Near the village of 
Miru, the highly colored shales are underlaid by a considerable thickness of 
conglomerate : these conglomerates contain chiefly pebbles of gneiss, of carboni- 
ferous quartzitic rock, of some unknown silicious rocks, and irregular fragments 
of the lower Tertiary sliale. This conglomerate has . acquired a kind of false 
slaty-cleavage, splitting into thin plates, right through the pebbles, and parallel 
to the stratification. Below the conglomerate wo find an anticlinal axis of brown 
and green crumbly shales and greenish sandstones, which are again overlaid, 
towards the Indus valley, by tlio red shale series. At the very base ot tbo Miru 
anticlinal there occur some brown and black carbonaceous shales alternating with 
bands of quartzite, which con’ospond so exactly in mineralogical character 
with the Carboniferous rocks of Gia (see below), that they are, 1 think, the 
same. These lower rocks seem to have the same dip as the Tertiarios, and as 
the two are very similar in mineralogical character, it is not easy to distinguish 
between them. The great similarity between the Eocene and Carboniferous 
sbales at Sbargol will bo noticed below. If the identification of these Carboni- 
ferous rocks is correct, it would appear that we have hero a case of parallelism 
between these rocks and the Tertiaries, and that the former must have been ap- 
proximately horizontal at the time of the deposition of the latter. 

Below Miru there is an alternating scries of red and green shales and sand, 
stones, with occasional bands of gneiss conglomerate. About 2 miles above 
the village of Upshi, these rocks are underlaid by hard and coarse gneiss con 
glomerate, several hundred foot in thickness, again underlaid by. the* softer 
rooks of the Indus valley, already referred to. No nummulitos were met with 
in this soctiosu 

From the pi^eceding sections it seems to me probable that the green and 
brown crumUy shales of Mfru and Urfioha, together with some of the overlying 
conglomerates, are the equivalents of the lower gneiss conglomerate of the Indns 
valley, since both these groups are overlaid by the red shale series* It is 
farther not improbable that the red shales once overlapped the gneiss conglome- 
rate in the Indus vallej, and extended some distance farther up the ctilptaQind 
rocks of the Esbilas range. t 

It will be noticed that throughput the Tertiary series (above the ^gnetes con- 
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glomcratoo), there is evidence of local contemporaneous denudation, and that the 
southern conglomerate is formed in 2 )art of fragments of the denuded nummulitic 
zone, which 1 have shown to ho relatively high up in the series. I have also 
shown tliat those higher conglomerates arc underlaid by only a small thickness 
of shale, on their boutliem border, and it, therefore, seems probable that these 
newer strata overlapped the older along this border, such overlap being possibly 
due to local subsidence. 

II now remains io treat of tJic southern boundary of the Eocenes, in the course 
of which wo shall Imo io discuss a large mass of \ olcanic rocks which occur 
along this line. Commencing our survey at the western extremity of the zone, wo 
find that the purjdo shales of Pashkam are overlaid by a great mass of basaltic 
trap which hero consists of greenish anamesite, weathering to a pale brown 
color. South of Pashkam the traps may be traced continuously to Shargol 
(Shergol), a width of 10 miles, their western boundary running south-south- 
enst from Kargil and adjoining the Palsoozoics of Tashgara. At Shargol we find 
oiith of the main trap outfiow, a band of soft yellow calcai*eous sandatoncb, and 
purple, green, and black shales, exactly resembling the sedimentary Eocenes 
of Pashkdra, and which are doubtless part of the same series. This band may 
be traced along the southern border of the tmp as far as Mulbeck. The rocks 
of this band are much mixed up with traj), and in many ^daces within tho trap 
area masses of altered sedimentary rocks are met with, v hich are i)robably frag- 
ments of the Tertiaries which once extended continuously over this area, but 
which have been broken up and altoi'ed by tho subsequent intrusion of the trap. 
From Shargol the southern boundary of the trap runs a little to the noi*th of 
Millbcck, and thence north of the Kashmir and Ladik road. At and near Bima- 
Yuru, the trap is much mixed up with PalaDOzoic rocks which I shall refer to 
subsequently ; east of the last-named village the southern boundary runs noHh 
of tho village of Wanla, and thence on tho north of tho stream flowing from the 
Choki-La. From Pashkam the northern boundary runs for some miles in an 
easterly direction, then bends to tho south-east till it touches the Indus at 
Khalchi, from which point it again leaves that river and forms the summits of 
tho high range on tho left bank, gradually dying out among tho sodimentarics to 
the west of the Zanskar river. 

Tho trap throughout this series consists of fine-grained anamosites^ green- 
stones, basalts, and sci’pentines, with occasional amygdaloid^ ; it is never por 2 )hy- 
ritio, Md when worn into pebbles acquires a brown-black glaze like the darker 
varieties of haematite. 

I have already said that these traps die out a littlo to the west of the Zimkiv 
river, in oonseq^uenoo of which tho main mass of tho sediment^ Tertiaries comes 
into direct contact with tho Carboniferous rooks, ^ivhich form the zone to tho 
south of thn Kocenes. Between Kio and the Z4nsldr river, the Eocenos, with a low 
northerly dip^ rest upon and overlap^ tho Carboniferous rocks, masses of tho 
latter often protruding through tho former, showing that we have another natural 
boundary, indiokting the original southerly Kwdt of the £)ooene series* 

In tho Zanskir river, daring its course through tho Teftiftrie»» there were 
found, during the sunam^ of 1878, large masdes of pure nativA OOppor which had 
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been washed from the neighbouring rocks. The cop])er occurred in irregular 
nodules of many pounds weight. 1 could not discover Ihc cop})er hi situ, and can- 
not therefore say positively whether it was derived from the Tertiarics or fi*om 
the older rocks further south,' ^ 

To the south-east of Kio the Tertiary boundary runs near the right bank of 
the Markha river, crosses the Laddk and Kulu road at Liiho, thoiico continues 
along the left 'bank of the Indus towards the Chinese frontier. The coarse 
conglomerates that form the highest beds of the series between Kio and Ljitho 
may be traced far to the east of the latter place. On the ^larkha river between 
those tw'^o places, masses of trap occur on the southern bordtn* of the Eocenes. 
This trap is of a highly crystalline structure, and not like the couij)act green- 
stones and serpentines of Sliargol. 

Tlie line of occurrence of thistmp is generally near the junction of the Palajo- 
zoics and the sedimentary Tertiaries, as is ’well seen near Gfa, where the trap has 
clearly intmded among the Pala30zoic limestone, wlu(‘h is here full of IHufrin itrs. 

On the Markha river and to thesoulh-east of Gia, nianoT'ous trap-pebhies 
arc included in the up2)er Tertiary conglomerate ; but it is not clear that these 
pebbles belong to the same mass of trap as the one on this lino. 

The large mass of trap on the upper Indus above Leh forms a ridge-sha])ed 
mass, extending between the sedimentary Tertiarics to the north and the gneiss 
of Rnpsn to the south. The upper Tertiary congJoinerate near Gfa and to the 
eastward contains pebbles of trap, of crinoidal Carboniferous limestones, of Rui)sii 
gneiss, and of the lower Tertiary rocks. South-east of Gfa tlio biUjd of Carboni- 
ferous rocks dies out, and the Tertiaries are in direct contact with the gneiss of 
Rupbu. 

Along the whole of the southern border of tho Tertiaries to the east of the 
Zdiisk^r river, these rocks have been much disturbed, and are not imfrequcntly 
inverted ; from tho distinct occurrence of overlap here and there, it scorns ]>ro- 
bablc that this boundary, like the northern, indicates tho original limit of the 
urea in which tho rocks were deposited: the trap has, however, probably dis- 
turbed tho original relations of those rocks. 

The occurrence of nummulites in the higher Eocene rocks proves that these 
beds are of marine origin. Many of ib© lower littoral bods, on the other hand, 
from their heterogeneous composition, and from the frequent occurrence of cross- 
bedding, appear to me very probably to be of fresb- water or brackish origin. In 
the lower beds near Kargil, Mr. Di’ew obtained some gastropods' allic^d to 
Melmia^ and some bivalves which seem to me to bo IJMo and Bmssena, though 
Dr. Stoliozka® considered thorn as Fholadomya or Panopam ; if my interiu’etation 
bo correcti it oonfinng the fresh water origin of these rooks, which is homo out 
by tho occurrence of an Fstlieria near Deh. 

The above hirnts lead, I think, to the conclusion that tho nummulitic rooks of 
tho upper ludus valley were deposited in a n^^frow arm of tho sea (as was 

‘ General Cemningham aaya that tho name SS^iisk^r (or tnoiv eomot 9 |y jfings- 

k£r) means** white tnwie I of the same work, he oonelud^ limb tbU 
meaning that copper o<vanr in that though^he could not hear of it, 

^ Mem, of iit Geoh of India, Vol, V> p, 
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sngf^stt^d by Dr. Stoliczka), the borders of 'which -were rendered ^brackish b; 
the influx of fi'esh water. Subsequently to the deposition of these i*ocks, tin 
southern border of the western half of the zone was broken up by a large mas 
of basaltic tiap which followed the normal^-trike of the Himalayan rocks, ai 
being in all probability the line of least resistance. The Kailas range formec 
at a lower elevation the noifchern shore line of this gulf, while the southen 
fell 01*0 line in all probabilitj" followed the northern boundary of the Palceozoics o 
the Zdnskdr basin, and of the trap of the upper Indus. 

At the time of the deposition of the nummulitics, the ujiper Indus valley 
must have been a wide depression below the level of the sea, flanked on eitliei 
Side by land. Since the Eocene period this valley has been raised to an elevatioi 
of 10,500 feet above the si'a-levol below Leh, and it is in all probability owing 
to this elevation that the 'rortiaides have obtained their present generally south- 
westerly dip. This elo'vation of the Tertiaries (together, of course, with the 
surrounding rocks) to the north-west of the Zfinskar river, must have been sc 
gradual and even as not if) (b'sturb the original relations of tlio rocks, and. 
judging from the southerly inclination of the Tertiorics, was probably of grcatei 
vortical extent ou the northern than on the southern side of the Indus. To the 
south-east of the Zanskar river, where the Tertiaries attain the enormous eleva- 
tion of 21,000 feet (as in Tok (Kami) peak, opposite Leh), the disturbance 
which they have undergone is considerably giuatcr than to the west (whore 
their elevation is less), and their southern boundary is often faulted. 

In the former area, however, these rocks do not seem to have undergone the 
puckerings and crumplings to which the Palaxizoics have been subjected, the move- 
ments causing which would seem to have taken place before the Eocene period 
It seems not imi)robablo, from the prevalence of Uie south-westerly dip in the 
Tertiaries, that their northom border was first elevated, and that to the east of 
the Zanskar river, the higher conglomerates were deposited in a narrow valley 
at the base of this newly elevated Tertiary land, which was then rapidly under- 
going denudation. 

I am thus led to the belief that the groat contortion which the pre-Tcrtiary 
rocks of Ladak have undergone took place in great part, at all events, previously 
to the nummulitic period, and from the presence of Jurasso-Orotaceons rocks (and 
no newer secondmies) in Zdnsk&r (see below), that this contortion and denu- 
daiiQn took place in the later Orotaceons period when the countxy (except the 
Indus* valley) first emerged from the sea, beneath which it has probably over sines 
been buried.* Prom his observations in the Snb-Himalayan region, Mr. Medli- 
odtt^ eaxne to iho conclusion that the contoriion of the older rocks there took 
place after the KnnnilluUtic period, and he pointed out the iiijdiportanoo of com- 
paring ibid delation with that in the Central Himalaya; where a difieront condi- 
tion might |>rovaU. 

^ Agalntit this «hca*sis tbo panaielbim ths Terfinflm and Osthoriferoas 

on Qlft tiver, .nrbleh Wonld indicato, if rightly that horS the^gmirt pert of the 

of age. This Is toms oat hjr the nrrsaWir amount of motsmorphism 

mi f ottortlon whkh th^ to thd M Mm MhskdT liVer MtVo it&dorgone in eom* 

with to thu dorth-Wost. ^ t v . ^ , 

f of ««oh»gy, Indla/^f^OW^ 
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The IniuB valley Numtuulitics seem to indicate that the enormous elevation 
of the Central Himalaya did not take place' at all events till post-Eocone times, 
while the elevation and contortions of the i6uter Siwaliks render it probable that 
the elevation of the whole Himala^ has occnn’ed in great part since the period 
of the older Pliocene. 

It may not improbably be, that in the Ladak Himalaya, lateral crushing had 
taken place before the Eocene, and brought the pre-Eocene rocks approximately 
into their present positions, during which a great smashing and emshing of these 
rocks must have taken place ; the pre-Eocene rocks were then denuded. During 
the deposition of the Ladak Eocenes there was a pause in the lateral crushing 
action succeeded by another period of lateral crushing ; this second crushing 
must have raised the Ladak mountains to their j^resent height, during which 
elevation the Tertiaries were not so much smashed up as the lower rocks during 
the first crushing, but were, so to speak, carried up on the top of them. The 
post-E^cene period of lateral emshing was also probably post-Pliocene, and was 
the one which also crushed up the Siwaliks. These latter rooks with their 
underlying Nummulitics, being on the boundaries of the central elevated mass, 
would necessarily undergo much more crushing and smashing than the Eocene 
rocks of Leh, which, as I have said, might be carried up by the lateral movement 
on the top of the denuded older rocks with but comparatively little crushing. 


Older Bocicff. 

I now come to the consideration of the pre- Tertiary rocks of the area under 
discussion, and commence my survey at the north-western end of the basin. 

When treating of the slaty series of Dras, I have already shown that those 
rocks do not extend to the westward of a line running south-south-oast about 
16 miles to the east of the Kurtse, where they are cut off by newer rocks. I 
have also shown that the Tertiary zone does not extend much to the south of 
either Shargol or Mdlbeck, and a line running at first cast and then south-east 
of the latter place. The rocks we have now to consider occupy the angle between 
the two lines, and extend far to the south-east into Spiti i a few of these rocks 
extend within the Tertiary area in the neighbourhood of Ldma-Xiiru. 

Before going further, it may be well to mention that the rocks now to be 
noticed . range from the Silurian to the Cmtaceous, and that the great mass of 
i^ose above the Carboniferous oons^t of the Triassic series. Most of the^e rocks 
were^ or^nally named by J>p. Stoliezka in the Spit; district^ wheam/they are all 
fosfiij|i|^im; and tjbeir (iivisions ar^Jtobulated on his above 

strata aboyo jie Carbpniferoi^ were dividedf 

. inW upper !ry|p Bhastic limostone);^npi)Or Bh^ic or Lower LhW:' 

• 'In hfyjla^e. wit^'.snpiarriOwibozufeimis 
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bo untloi’hiootl it) oomprclieiid strata ranging fliroiigbont the upper 1!*riaB (under 
which 7 include 17ha'iic) to sti’ata of lower Liassic or upper Bheotic (lower 
Tagling) ago. As 1 shall notice, tniere may possibly bo some oven newer 
strata included here and Ihci'e in the area, tfiAtigh in the absence of fossil evi- 
dence 1 cannot be certain. Wlienovcr 1 have been able to recognise any of 
StoJiczka’s minor divisions J have mentioned them. It may bo observed that 
ill his second paper on Western Tibet, Dr. Stoliczka was disposed to unite the 
I’rias and Kinetic ‘ 

I commence* my examination of the pre-Tertiary rocks of the Zanskar basin 
at its north-western extremity. 

To tlie south and south-east of Sliargol (Shcrgol), to quote the words of 
Dr. Rtoliezka, ® ‘Mho higher hills all consist of Triassic limestone, alternating 
ii(‘ur the base with rather highly metamorjihic, and sometimes strongly carbo- 
naceous shales, which it is very difficult to distinguish from the Tertiary beds,” 
wliich 1 have already shown to occur to the north of and at Shargol. Tlr. Sto- 
liczka goes on to say that the dotci*mination of the Triassic limestone is tolerably 
certain, and that it is tlie same as that which occurs above Drds. The latttT 
was considered by Stoliczka’ as the representative of the Keupor (Lilang) in its 
lower part, and apparently of the Para limestone in its npjier and more dolo- 
mitic part. We shall subsequently see that the Shargol limestone underlies 
other doloinitie strata which arc probably the roprebcntativo of the Para, the 
Sliargol limestone being the Lilang. 

It does not appear that Dr. Stoliczka found any fossils in the Shargol lime- 
stone : in the stix^am ininning to that place from the south there, however, oecmr 
numerous blocks of a blue limestone full of a species of a large Mcgalodon, though 
I did not iiiul the fossil in situ. These fossils seem to differ from Mcgalodon 
inguelrr* chnrfiet(*ri&tic of the Para limestone, by the larger size of the umbones, 
and by the deepei* groove between the two valves. To Dr. Peistmantcl and myself 
the species appears to be indistinguishable from Megalodou gigpJwides of G umbel,® 
characteristic of the European Keupor. We have, therefore, pretty fair evi- 
dence that the Shargol limestone is upper Trias. 

Dr. Stoliczka, in the notes 'of the Tarkaiid journey, goes on to say that Iho 
Triassic limestone can be traced to the south of Kdrhu (Kharbu) and tbo 
Fotu-Ld ; and ho further observes, that this limestone near Kdrbu and on the 
Fotu^La is underlaid by sbales, which ho classes as Carboniferous, and which ho 
traced as far as Lama-Yuru. These shales are generally carbonaceous and weather 
to a peculiar light brown color, and as they underlie the upper Triassic Shargol 
limestone^ they may in all probability be classed as Carboniferous, since according 
to Stoliczka^® the Lilang (upper Triassic) series in Spiti overlies (with here and 
there unconformity) the Eluling (Carboniferous) series ; the Permian and Lower 

‘ Mom. Geol. Snrv. India, Vol V, p. 3$2. 

^ Scientific iHesritB of Second Yarkand ^pedition/’ Geology, p, 13. 

® Mem. Gcoh Parv. India, Vol. V, p. 349. 

^ Manual of Geology of India**' Ph 11, flga, S, 8a. 

^ “ Stteuugfllt). d. k. Akad. Wion.,« Vol. XLV, p. 373* and dgure. 

B Mem. Geol Surv. India, Vol V, p. Q4. 
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Trias (Mnschelkalk and Buiitcr) bcinj' absent, SiibscqnoTitly, however, Stoliezkii 
incidentally mentions^ shales of lower Triassic ago in Hupsu, apd it may j)ossibly 
bo therefore that the Shargol shales (asj[^liall frequently stylo those rocks) aro 
partly of lower Triassic age. As,« hrswover, they arc unfossilif crons, and as more 
to the south, they overlie inetamorphic Silurians, there is little doubt, both in 
Stoliezka’s and my own opinion, that they aro mainly Carboniferous, and they 
have accordingly been so colored in the map. 

Dr. Sbdiezka, as T have said, mentions the difficulty which ho found in distin- 
guishing the Tertiary from the Carboniferous shales, and it is not (^uite clear to 
nio to which group ho referred some shales to the east of Shargol, whi(;h 1 think 
are certainly the Carboniferous ; he speaks of “ lumps and ])atchcs of it (I’rias 
limestone) sticking out of the fio-calJed Tcrtiaiy shales,” as if he thought, as f 
think, that the shales were not Tertiary. I incline to think that the liTueslojio in 
th(}SO shales is mainly in the form of lenticular masses, intorstratiGcd with them, 
though some of them may be outlying masses of the Trias overlying the shales. 

Before discussing further the south-east(u*ly extension of the Shargol shales, 
1 proceed to notice two sections taken from the nortJiom border of these shales 
to the south. The first of these extends from the Kashmir and Ladik road near 
Mdlbeck up the ravine known as Mulbeck ltdng. Leaving the Kargil river, we 
first ci'oss tlie blue limestone corrcsjionding to tbe Shargol Mogul odou bods, which 
lias a southerly dip. 'IMioso rocks aro succeeded for a distance of about 3 miles 
by alternations of hard and ma»ssive white, green, and purple slates, with sand« 
stones and limestones, the whole series being much folded, and its thickness 
difficult to estimate; these slaty rocks are much like those of the Trias of Tiloh* 
The slaty rocks seem to bo succeeded by a great thickness of nearly horizontal 
strata of white dolomites and blue limestones, like those occurring in a similar 
position in Tilel, as described in fny pa|>er quoted above, and apparently corres]>ond- 
ing to the lughor part of tho Trias of Drds (Para limestone) ; the slates between 
the Mc(jalodo)v beds and the dolomites hoing much thicker than tho intermediato 
(limestone and shale) beds at Dras. Tho dolomitic rocks continue across tho 
ridge at the head of Mulbeck Rdng in a rolling series to tho north of Gonpa Lama 
Serai, whore they were noticed by Stoliezka (Rangdum Gonpa),® and are appar- 
ently faulted against tho Silurians of the Uxds series. Stoliezka merely noticed 
those strata from a distance, but speaks of them as “ secondary deposits, un- 
doubtedly of different formations.” As T havo said, I think, their highest beds 
are tho topmost Trias (Para), and tho series is undoubtedly the same as that 
which I have included in tho Trias in Tilel and tho Zoji-La. 

The second section runs southward from tho village of Hiniskot, on tho 
Kashmir and Ladik road, across tho Kangi-Li. At lliniskoi itself wo find cliffs 
of nearly vortical blue and buff limestones, corresponding to the Shargol Mega* 
hdon gryphoides beds, with a few slaty beds; these rocks continue in a rolled 
and much bent series till within some 2 miles of the village of Kangi, where 
we cross a synclinal asdis in bright colored shaJy slates, again underlaid by the 

i Msm. Geol. Surv. India. Vol. Y, p. S45. 

Bee. OecL Sarv. India. Vol. m p* 21. ' ^ 

3 Ueyn. Oeol. Surv, India, Yol. Y, p. 347. ' 
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lower limostoTios nearer anti at the village. The limestones seem here to form 
an anticlinal, overlaid again to the south by the colored slates, with one thick 
band of soft and dark colored shalcsj i^^ontaining large ferruginous concretions. 
Higher up the Kangi stream, we find tluTfliSates extending as far as the village 
of Ampaltan, where we find thorn gradually succeeded by blue limestones, ami 
those again by buff dolomites. These dolomites continue in a rolling series 
across the Kangi-La to the Silurian slates of Rundum, where they were colored 
in an unpublished map of Stoliczka^a as Trias. This section is not very clear ; 
the beds on the north art', 1 think, certainly the Lilang, and the southern dolomite 
the Para limestone ; if this be so and the section correct, the intermediate slatt's 
must also ho part of the Trias ; they resemble the similarly placed rooks of Tilcl. 
The thin hand of black crumbly shales at Kangi with concretions makos a 
curious approach in mineralogical structure to the Spiti shales as described by 
Stoliezka: the other rocks do not, however, agi’ee with the other Spiti Jurassics. 

It may ho noticed that at and below the village of Kangi, thero occur in the 
bed of thc3 stream numerous ])ebhlos of a crystalline trap, with a rust colored 
weathering ; these pebbles have been derived from a mass of trap occurring on 
snowy peaks, D 24 and D 25, to the eastward, to which 1 shall have occasion to 
refer subsequently. 

Returning to the Shargol Carboniferous shales, wo find them continued, as 
wo have soon from Dr. Stoliczka’s notes, to the eastward along the line of the 
Kashmir and Ladak road ; north of Karbu a few small patches of Triassic slates 
and limestones are found resting on the shales, and the latter are a good deal 
mixed with the Tertiary sorponiino trap, especially near the nummuliiic zone : those 
shales were traced by Stoliezka and myself, as noticed above, to Limd-Yuru. 
Crossing the stream at Karbu and proceeding in a nofdh-easterly dii’cction, wo 
find the Carboniferous sbales underlaid by slaty rocks, ||jjjpeen, rod, and black in 
color, which form the summit of the ridge on i\hich ^mdam station is situated. 
Among these lower slates Dr. Stoliezka* recognised the green (Silurian) rock of 
Drds ; those slates arc much mixed up with the serpentine trap. At Lam^- Yura 
the Carboniferous shales are underlaid by the same slate series as occurs near 
Karbu, and some beds of sandstone, with a south-westerly dip. The same slate 
rocks mixed with ribband jaspidcous rocks like those between Tilel and Drds, 
and with the slaty sandy ftrappoid of Stoliezka) rookie of the Drds river and the 
Papgong lake, occur in a descending series in the gorge loading from Ldma« ** 
Yura to the Indus. These rocks are, however, so intimately mixed up with the 
Tertiary trap« that it is exceedingly difficult to map them with any accuracy. 
To the eastward I have traced those slaty rocks to the village Of Wania, where 
they again underlie the Shargol Carboniferous rocks. Dr* Stoliecka says' that 
the colored shales and slates underlying the brown carbonaceous (Carboniferous) 
shales of X«ama*Turu are the representatives of his Hdth and Bhaboh series 
(upper and lower Silurian) : he further thinks there are traces of syenite 
(central gpeiBs(f) ) mqderlying these slates^ though I did not observe them 
myself. Near ^e Indus the Silurian dates are cut off by the Tertiary trap. 
Promt the mineralogioal composij;ion of the rooks in the Ldma^Tura gorge, they 


* Oeoloey, 2nd Tsrkaud Mission, p. Id* 
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appear to me to be oertainlj the same as the slate scries of Kaslimfr) TDel, 
the Pangong Lake, and ChAiig-Chonmo. 

Fi’om the Fot<i-Lji the Carboniforons l^^d extends in a sontb-easterly direction, 
its northern boundary running thro agn Wanla, and thenco slighily north of the 
road across the Ohoki-Li to the Zanskar river, whore 1 shalT take it up subse- 
quently. The souihem boundary runs near the village of Panjila, and thence in 
a south-easterly dircctitn : near the village of Urclii there is a small synclinal in 
tht) lower shale-series, occupied by a patch of the bright-colored Triassic slates 
and limestones. Near Wanla a large proportion of blue liincstonc occurs in the 
lower Carboniferous shales, which is not nnfrcquonlly crowded with ICncrlnitcs, 
Iron also occurs in these rocks, and is worked in small quantities. To the soulh- 
oast of Wanla, the Carboniferous strata consist of black flaggy slates, which, 
however, weather to the usual light-brown color, by which character they are 
rt'jwlily distinguished from the older Ldma-Yuim slates, which always weather 
black. 

Close to Wanla there occurs a wide dyke of the Tertiary trap running in 
among the Paleoozoics, whi(*h requiivs a moment’s notice. On the south side of 
this dyko, between it and the Carboniferous shales, there occurs a considerable 
thickness of coarse vortical conglomerate, a good deal altered by thetni]>, and con- 
taining pebbles of the Trias limestone, and of the crystalline trap, already noticed 
as forming peaks Nos. D. 24 and 25. I cannot say whether or no this con- 
glomerate corresponds to the higher Tertiary conglomerate near Gia ; but since 
it has been jammed in between the tmp and the Palujozoics in vortical bods, 
it affords the important piece of evidence that it is older than the trap, and that 
consequently the crystallino trap within the Triassic area is older tlian, and was 
denuded at the time of, the formation of the basaltic trap of the Indus. 

A section through the secondary rock-series from the village of Panjfla, south 
of Lama-Turu, to Yelchang bridge, on the Zanskar river, gives the following 
series of rocks. Leaving the shaly Carbonifei*ous rocks near Panjda^ wo find the 
overlying Trias at first consisting of hard purple and green slates, which are 
nearly vortical, mixed with some calcareous and limestone bands : those aro 
succeeded by softer and brighter-colored slates, like those of Kangi; while 
shortly below the village of Hanfipaita (Hunfipatta), wo come upon blue lime- 
stoxLos with a lower southerly dip. Prom Hanfipatta to tho Sirsa Ld there is a 
succession of blue limestones and white dolomites, with a few slates, which form 
a rolling synclinal^ the underlying poiJdlitio slates again appearing beneath tho 
limestones at the pass itsdf. 

These limestones and dolomites appear to me to be the Para limestones, and 
they contain sections of fossils which appear to be those of Dicerocanlium 
latjmse, characteristlo of this band. This being so, the underlying slaty rocktii 
mnst be the Lilang series, the limestones of Shargol being represented hy 
these slates; this se^^noonftrms the Triassic age of the rooks in the 
section. ^ « 

from the Sirea Id t(i the Tillage of Phatokait and thence aoKoUt itliia Shihgi 
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(or Shinto,* or Singhi) to Yolchang on the Zdnskar river, there is a conti- 
nuous succession of the same limestones and shales. For -want of supplies 1 was 
unable to continue mj journey beyond Yclchang, but Triassic. (Para) dolomitic 
limestone extended as far as J could see^Cff* Zanskar valley. According to JJr. 
8toliczka® the Zinskar valley near Zangla consists on either side of contoiied 
Triassic limestone (Lilang ?) overlaid by the darker Para limestone on the higher 
ranges. To the south-east of Zangla near Niri-Sumdo (JTiri-Chu), at the Kha- 
padok-Ld, and the Saiji La, lowm* Tagling limestone (lower Lias) overlies the Para 
limestone ; these are in turn overlaid by Siuti shales in small patches (tlie occur- 
rence of the latt(T is rough! \ indicated on tlu' map by yellow })atch('s, whih' the 
lower Tagling is included in the sienna). I have no doubt but that the Trias of 
Yclchang is continuous with that of Zangla, with patches of Jurassic rocks occur- 
ring on the higher hills. I may observe that to one who like myself did not give 
the local names to the ilifferent limestones of the great Trias- Jura of this distiict 
(for, as in Amciica, the Trias and Juiii are one great rock series), it is exceed- 
ingly dillicttlt to j'ecognise these pala'ontologieally different but minoralogically 
very similar limestones. General Cunningham observes that limestones are 
found continuously across Zanskar from the Shinghi-Ld to the Lachi- Long-La, 
on the Ladak and Kulu road, vs here, as will be noticed below, the Trias seems to 
continue across Zanskar. I therefore conclude that the Triassic and lower 
Jurassic rocks form, with small exeejdions, the whole of the central pai*t of the 
great limestone ellipse of Zanskar. 

Near the village of Tliondo. in Zanskar, Dr. Stoliezka says^ that ‘Hlie Triassic 
beds are separated from the Silurian sandstones by a dark band of a greenstone- 
like rock, which I presume to be Carboniforous.’^ These latter rocks have been 
provisionally so colored on the map, as thc*rc is a strong presumption from 
their position that they arc rightly refem'd to* that formation. 

The trap occunnug on peaks D. 24 and 25 must be post-Triassic age, though, 
from the amount of snow, I could not examine it closely /a sHu. It is distin- 
guished from the Shargol trap by its more crystalline structure, and by the 
peculiar rusty brown weathering. 

Reverting once again to the presumed Carboniferous rocks, which we have 
already traced as far as tlie village of Wanla, wc find that from this point they 
continue across the Ohoki-Ld down to the Zanskar river, near the village of 
Chiling; thence their northern boundary is continuous with the southern 
boundary of. the Tortiaries, which we have already traced. From Wanla to a 

■ Dr. Thomson is ssld to have brought nummulites from this pass (Mem. Qeol. Surv. of India 
Vol. Y, p. 864) i this seems to have arisen from confusing this pass with the One to the north-’ 
oast of the TUlago of Shingo neat Kio> which is often called Blungi-La, and under which name Dr, 
StoHozka allndee to it when ho found nummulites on it (sup. cit., p. 344) j it is mther strange that 
the similarity Of the two names did not strike Dr. Stoliezka when he wrote his paper. Tliis error is 
repeated on page 14 of the Geology of the Second Yarkand Mission. Mr. Modlicott (Man. Oeol. of 
India, p. G44) pointed out the probable error. 

® Mcm„ Geol. Surv. of India, Vol. V, p. ^ 

' « Ladak, p. 51 

< Mem., G4ol. Surv. of India, Vol. V, p.346. 
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lone; distance n]) the ISTarkha ri\ei' tlicst* i*o(*ks liave a general sofith -westerly 
clip, and form a band of very nniform breadth to th<‘ north of tlic Trias. Near 
Kio, the lowest beds of 1 he (\irbonifc‘r<nis M'ries whieli are exposed, are nearly 
vertical, and convsist of l)ln(‘-black ’’ . ^tone, traverserl by veins of ytdlow quartz. 
Nearer Kio itself, the south-westerly dip beeoines tlattor, and the limestone is over- 
laid by bi’own shales and blue' slatt's, with many bands of wliiteand j^ellow quartz: 
many of the slates eontj^ in bands of earbonac*eoiis nialter, and are not unfrcqnenily 
studded with small crysbds of p\rite.* On the Markha rivt^r, a little below Kio, 
the yellow quartz is in jrieat lorce, and j^old-w ashinjj^ is carried on lo a (Consider- 
able ('\tent in the detritus froui thesc^ <|uart/-reefs. ..\t Kio and in lb(‘ nei^i^b- 
bourhood, stems of hhu nnihs are of ver^ common oeeiirremn' in the (^irbonifer- 
uus hmestones, and at tliat place* I obt.uiud a coral elos(d> allied to fUjalhophijl- 
Inifi To th(* south-east of Kio the miiH‘ialoi>ieal composition of the presumed 
Oarhonifeions rocks has the same geneial characters as those described above; 
the relative (levelopmeut of ilie limestones and shales is, liowc\(*r, locally very 
variable 

In noticing these rocks at Kio, Dr. Stoliezka observes.^ The mimnmlitic 
rocks are suddenly r(‘]>laee(l by slates and CMrbonac'coiis limestones full of eniioid 
stems, which appear tolx' of (Sirboniferous ago. AH the way up from Kew (Kio) 
to th(c bead of the "Marklia imlln'ng but tbese earlionac'oous crumbly slates 

occur'* No fossils were found iti tbese rocks, and Dr. Stoliezka ad<ls that there 
w(‘rtc probably vo])reseiitatis t s of tlu* Silurian and C\ir boniferou^ aniongiliem. The 
wlali's of Kio are 'fr(Miueutl^*full of small euhieal crystals of pyrito To the north- 
west, as we have scon, these rocks are eoniiiiuous witli the Sliargol sliah’s which 
we have oktssed as Oarboiiiferous. To thi» south-west of Tso Aforiri, I have traced 
this band into a «eri(‘s of slates noticed by Dr. Stoliezka,* who observes that 
“these slates cjan only belong to iJit' Killing ((hirbonif crons) series, being jiorfeetly 
identical A^ith the rocks of this (series) in mineralogieal chapaefors and geolo- 
gical position, underlying the Lihing limestone.” 

There is, thorefort‘, every prc'-unijitiou of the whole of the blue bands on the 
map being of Carboniferous age. 

To the south-east of the valley of th<» Alarklia river the band of Carboniferous 
rocks continues along the sonthorn border of the Eocenes, till it finally dies out 
on the upper Indus, between the latter and the gneiss of liupsu. On the (Ifu 
liver the Carboniferous rocks have undergone great contortions; they c^onsist at 
Ofa itself of brown weathering shales mixed with blue quartzitio limc'^toiios gen- 
erally in lenticular masses ; the shales are often quartzitic and carbonaceous and 
dip generally towards the Tortiaries, which they frequently much resemble. 

To tho southward of Gia wo have at first a folded series of these rooke^ 
which, further to tho south, is underlaid by hard blue slates and inicaceous sand- 
stones, similar in structure and position to the Silurians of Lima-Yuru. Near 

* The compORition of the Cnpbnmfopous Boiirs lioir is closely anulogous t<i thnt of the Kiel 
Rories in tho outer hills, w'hicli conflnus my opiiiiou iiii to the Cckrbuuifcious age of the latter 
(see Koc. flool. Surv. of Indiii, Vol. IX, p 

- Mem (i(H)l Sijrv, India, Vol. V, p. 3U 

^ Ihd,, p. 313. 
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the Tagalun^-La and io the woht of Kalla St. there occurs a synclinal in tliose 
rocks, oonm’stingof the Cai'honiferous shales, quartz and limcsloncs ; near the ]kism 
largo lenticular masses of ])iire white saccharoid quarlzite, like that of the J^aU' 
gong Lake, occur in these i*o(*ks. In the eTuZtCof this synclinal there occur beds 
of dolomitic limestones, mixed with sonie n'ddish shales, which are probably the 
Idlang series. Dr. Stoliczka, in his notes on the Tagalung-Li* (Taglang), does 
not notice these limestone rocks, and speaks of all the rocks as belongingto the 
nietamorphic scries. 

The Carboniferous rocks in the Tagalung synclinal are underlaid to the south 
by the slaty and sanily Silin-ians. Lower down the Zara river there is an anticli- 
nal, to the south of whieli the slates gradually assume a gneissoid character, the 
crystalline rocks occuiTing ns h^nticular massif among the slaUiS. 

This gneiss and slates aiv again overlaid conformably to tbe south-west by 
tlie carboniferous rocks of ICio. Tlie gneiss and slate series can bo tracked to tbo 
north-west nearly to tlie Marklia river, wJiere they form a wedgc-shay)od mass 
intruding between the Carboniferous rocks, whicli here split to receive them. I'o 
the south-east the slates and gneiss, which form one scries, have been traced by 
Dr. Stoliezka to the south of the Indus, and across Kiipsu to the south of Tso- 
Moriri and were classed hy him as the equivalents of the Silurian. The gneiss is 
dark-colored, and very generally porphyritic, wdth large crystals, often B or 
4 inches in length, of gray orthoclaso. It is quite diffewnt in character 
from the white gneiss of the Kailas range, and when n(m-j>orj)hyi-itic is very like 
the altered SiJuriaus of l^aukse^. As the Ku2)su slates' and gneiss directly undej*lio 
sti'ata which are certainly not newer than Carboniferous they must ]U’obably be 
of Silurian age, as suggested by Dr. Stoliezka, aud consequently the 0({aivalentH 
of tlio slates of Dims aud Ttiuksc. It will be noticed that the strike of tlie 
altered Ku|)sa Silurians is coiitinuons with that of the unaltei*od Silurians of 
Ldina Yuru, and the two probably belong to the same band. 

To tbe south-west of the Silurians of Kupsu the Carboniferous rocks, which, 
as we have seen, si»Iit near the head of the Markha river, form a continuous band 
of nearly the same wddth, w'Lich 1 have traced to the south-east of the Kiang. 
Chii plain, whence the same baud has been traced by Dr, Stoliezka in a south- 
easterly and southerly direction into Sj^iti, and which, as before said, to the south- 
west of Tso Moriri, underlies the Lilang limestone. 

At Kianp-Chuthe Carboniferous rocks consist of sbalos, frequently containing 
crystals of t^y^ite, like those of Kio, and altemating with largo lenticular masses 
of blue quartziferous limestones ; these are succeeded by banded limestones, 
altemating with highly ooibonaccous shales. These shales continue for some dis- 
tance in a V-shaped hollow up the valley leading ip the Lachi-Long Ld; they are 
succeeded by blue, bufP, and white limestones and dolomites which, with the occa- 
sional exceptions of small patches of carboniferous shales ai)pearing beneath them 
in the valleys, continue to near Lhigti. Near the top of the , Ldchi-Long pass 
there seems io be an anticlinal of Carboniferous shales underlying the dolomites. 
In tluMc limestones and dolomites there avo seen numerous sections of Uegalodm 


* Mttn. (Icol. BakJtv, ludiu, Vol, V,, p. 343. 
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and hicerocardiuoiy and in<»st of tlio rocks may bo iakon as tlio equivalents both 
of the Lilang and Para limestones:* frapfinents of a Lima wicoiioi uncommon; 
and corals and ciinoids are e'?ii*t*iri(*]y com’ ^on in tb(*st‘ rocks. Tbe thickness of 
this dolomitic series is at least i},00 i iiear Iho Jjaobi-La Fn tlio Lingli valley 
the Para limestone 'with Dieeioaodinm occupies the iip]>er part of the bills, 
underlaid by the Lihinj^ limesione; the rooks ha\e hero iinderp^ono immense 
contortions and foldings. To the south-west of Ling-ti the Triassie rocks are 
underlaid by blue and r(‘ddisb shales, uitli ubit(‘ quariziies aiul blue limestones: 
from their position and eoinjJOMtion 1 have little doubt but that they are mainly 
(JarboiiiferoiiH ; pat<*lieH of similar rooks, with Pnuhictu^ and Ny>// //o/ , wero notiood 
by Dr. Stoliezka“ to ibo soiilb-east of Ijingti (Tsarap valle;y), nn<l(Tl\nig the 
Lilaiig limestone near Lamaguru (Ynroo. Stoliozka). I iuive traced the (Jarbotii- 
feruusand Triassie rocks a considerable distance to tlio north-west of 'Lingti, and 
they are doubtless continuous witli the corros])oiuling rooks near Zangla, majiped 
by Dr. Sioiiczka, overlying ilie Silurians of Padam. 

To tJic south-east of Lingti, Dr. Stoliozka ** observes that above tbe Lilang 
limestone at ibo bottom of tbe valley, the greater part of the 'Usarap valley eon* 
sIksIs of the Pnra liniestono full of Lice toan din m himalaijen^io imd Mujalodon 
fciquoter. The Para limestone in this district is of a lighl-liluo color, with a 
marbling of white; it is v(*ry ditToront from the white dolomites of tlio Dris liver, 
which Dr. filoliezka correlates with it; the Triassie rocks, howi‘ver, a])[)C‘ar to 
me to vary very considerably in composition. lii the ii])|)cr pai't of tlie Tsa- 
rap valley, according to Dr. ' Htoliezka, the higher hills consist of tin* lower 
Tagling limestone (lower Lias ?) with and Wiijni'honcUtc \ the sum- 

mit of the Pang po- Li consists also of the same limestone, while the higher ridgon 
near tlie pass arc capjied with Spiti shales, and Gieumal sandstones (u})per Juras- 
sic) ; and fragments of tlie Cliikkim (CrcttH’eous) limestone were also found in 
the neighbourhood ; those rocks must apparently rest uncouforiuably on the lower 
Tagling. To the north of the Pangpo-LJ the lower Tagling limestone, accord- 
ing to the same authority, forms the prevailing rock, underlaid for a short dis- 
tance by tbe Para limestone, wbicb appears to be greatly developed to the south- 
east. Near Khiang-Sbisba tbe limestone belongs cbielly to the Lilang group, and 

^ There may prohiibly be representatives of the lower Lias (lower Tagling) on some of tlio 
higher hills. Ou page 38 of volunn* XXII of the Quarterly Journal of tlio Geological Society, 
Mr. Davidson in dobcribing soiiio fobsils collected by Colonel (thou Captain) Ood>\in-Auslcii, 
mentiohs some Broohiopods, said to have been obtiiiiiod in a light gray limestono ^Mieur Lacholuug- 
north sldo, in tho Suru country in Thibet.*' In Hnru there is no Lacbolungdjii that I am 
aware of, and 1 think the place referred to must bu tho Laehi-Loiig La in Kupsu. The buid 
fossils are either Jorast»ic or Cretiiccuus, and if tbe above dbicrminutiuii of locality be correct, 
rooks of one or other of these systems must occur pinihably on the higher pouks around tho 
liOchi-Long. The orest of the pass shows oaihonaccous shales in an nnti<‘Ui)al which I think Hre 
certainly Carboniferons, and undoubted 'Trias rocks with Mus/tdodou occur near hy. If tho patches 
of newer rocks exist near the iioss, they would bo ou tbe strike of similar rocks noticed by 
8toliczka on the heights above tUa Fnn|;|io Ld« 

^ Mem, Qeo* Snrv. of India* Vot V, p, B42* 

^ 1 was preventeii hy want of supplies from examining this country move ^tlosely. 
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is niuloil.iul ft) llie nortli-(‘asi, as rioticfcl above, by t lie (^ii’boniferous series, wliich 
again overlies tL(‘ inelainoj pliie Silnriaus t)f ]{npsn. 

Jn file map accompany im? Ibis pa^‘^‘r the ^^h()Io of ilic gi’cat limostoiio scries 
abov'c tlie Carboniferous, from the LilnnJ^^Lb the lower Tabling limestono, is 
eoJored of one tint, ami may bt'calltsl flie Trias- Jura. Owing to f lie variations in 
the mineralogical chanietei*s of fliestM’ocLs, to fliegtuieral absence of fossils, to the 
enormous contortions wbieb the rocks ba\e undergone, and lastly, but not leastly, 
f>wdng fo the diftieiiH nature of the gi*onnd, jind the short time that one can 
spend in these inhospitable rt'gions, it would be quite imjiossible to inaj) tlie 
difTerent outcrops of each of the separate groups. Near Lingti the rocks, vvlnolv 
T consider as the Carboniferous, are umhudaid b^ a great tbiekness of liard dark 
slates, <|nai’tzites, sandstones, jaspideons rocks, and the slaty-sandy trn])poid 
rock of tlie Dims ri^er. Tluse rocks which ina^ be traced across the IhiralaeJia 
])nss into Jjaluil, 1 have also traced to the nortli.w(‘st into the Silurians of Padani 
and Znnghi wdn’oh rest u])on tlie gneiss of the Zanskar range, and contiiine 
tlience to join the slaty rocks of Dims, to the sontli-oast these rocks are con- 
tinuous with the fossiliferoiis Silurians of tlie niuibeli pass and Miith. 

S]M‘aking of the great slate series at Lingti, Dr. Stoliezka observes', “Any one 
acquainted witli the rocks of t!ie!Muth series in the Pin valley would tind all 
these repri'senied here,” and speaks of the lower beds as corresponding with 
his Hhabeii group (lower Silurian). 

Near Lingti the rocks are very horizontal, and the summits of the ranges aro 
capped by shales, blu<‘ limesfoiu's, and white* and jiurple quartzites ami sandstones. 
Some of these b'mestones and sandslones seem to me to be probably of (^ai*l)oni- 
le*roiis age, as they correspond to similar rocks at Ikingong, and also to rock 
specimens in the Indian Museum from tin* Carboniferous senes near Muth: the 
lowiT beds are probably, bow evt»r, upper Silurian, since Dr. Stoliezka found 
a fragment of an Orth Is in similar ro(*ks to the west of the Darnlaiha (Baralatse) 
pass. The upper Silurians and Carboniferous (Muth ami Killing) iu thifl district 
and Spiti (ns J judge from rock-speeimeiis in the Indian Museum collected by 
Dt. Stoliezka) seem frequ(‘i)tly to be very similar in mineral composition, and it 
requires a fall sciies of fossils to se})arate tluun distinctly. Tlie blue patelu*s on 
the map in thisdislnet must be considered as onl) a]>proximately of Carboniferous 
age, they mainly serve to indicate the distribution of the light-colored quju’tzites 
mid sliales on the top of the older slates. 

On the Bh%a rivev, some miles below* the village of DareJia,- the Silurian slate 
series is underlaid conformably by distinctly strati lied granitoid gneiss * which 
J>r. Stoliezka recoguised as his so-called “centiul gneiss,” and which, he says, 
underlies undoubted Silurians. 

This gneiss forms the southern limit of the Ladak and Zdnskar basin, but 
may bt* treated of here. To the north-west tin's gneiss is continuous, with the 
ureat mass of gneiss of the Zansicdr range and Suru, w’hieh I described in a 

' (IWiLSitrv. of Imliii, Vol. V, p. 341* 

• '‘\vr thib aron see tuy map piihUshcHl in the eleventh volnnio of the ItocorJ*,” p. 85. 

• ill n previoH'^ pnper (Rot. Otok Surv. India, Vol. XI, p. 55) loUuaiug Dr, HloUezku, tliia 
^inKb blaiodto ocriiv at lUreha itiJolf. 
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formcT paper, ‘ but wJiielx I could not then certainly determine to be tlie 
“central ” gneiss; according to Stoliezka^s idnntifi(;stion, tliis gneiss may now be 
considered as of pre-Silurian ago, and ij»,jwns district as having been altered out 
of an older and conformable slate-senes, unless some hidden unconformitj'- should 
exist. 

The rocks on the southern flanks of thi.s gneiss ridge will be treated of in the 
next section, and their gtmcral relations in the last .section. 

JV. — Hocks of SoiiTH LAiitjL and Kuld. 

To the south of the gneiss ridge of Laliiil, we find an ascending scries of slates, 
with a general south-westerly dip. Near the junction of the CMiandra and Hhaga 
rivers, we find blue limestones, with carbonaceous shales and a few pale sand- 
stone's, capping the slates in the angle between the two rivers. To the south a 
large mass of the same limestone and other rocks overlies the slates with a south- 
erly dip, and appeal's to be it.self again overlaid by the same slates. ^J'he lime- 
stones, on a more careful examination, are, however, seen to be folded back on 
themselves, and it apjK'ars probable that they form a synclinal, the slates on the 
.soutliem side of the synclinal having been bent over and inverted on the lime- 
stones : from their physical ehai'acters there can be no doubt but fhat thoso 
liniostonos arc the same as the limestones of North Laliul,® which are probably 
partly upper Silurian and partly Carboniferous. 

The Silurian slates of the Bhaga and Chandra rivers T have ])reviously 
traced ^ into Pan gi to the north-west, and for some distance to tlie south-east. 
Near the village of Kokscr on the (Chandra there occurs, at the base of an anti- 
clinal in the slate series, some very^massive gneiss, which, T think, is in all prob- 
ability the same as the central gneiss of North Lahul. This gneiss is overlaid by 
alternations of gneiss, micaceous rocks and slates, most of which appear to pass 
directly into the slates underlying the higlicr limestone, and which would, there- 
fore, seem to be altered Silurians. These rocks continue across the Rotang pass 
and down the Beas valley nearly to the town of Naggar. Some of the gneiss is 
very massive, and in many cases seems to overlie tJic slate-sorics ; this, however, 
may he due to inversion, and it seems to me probable tlx at some of this gneiss is 
central” gneiss, while some has almost certainly been altoi'od out of the overly- 
ing Silurian slates. The series is, however, so involved that I was not able to 
mark out any bands as of a fixed position. 

To the south of Naggar we have generally slates and sandstones t ill wc reach 
the infra-Krol and Krol groups of Mr. Medlicott near Bajoura, which have been 
already described by liim,^ and to which I .shall, therefore, not refer on the present 
occasion. 

' Rec, Geol. Surv. India, Vol. XI, p. 53. 

8 Ixr a former paper (Rec* Oeol. Sarv. India, Vol. XI, p, 64) Itbonglit from tlunr ap|^rentl 5 r 
lying among the slatijs that these Ixmeatones formed paxt of the lower Silurian aeries. 

» Rec. Qcol. Surv. India, Vol. XI, p. 56. 

^ “Mem. Geol. Surv. India, Vol, III, pt. 2, p. \ ' „ 
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V'. — SUMMAUY AND GENERAL CONCLUSTONS. 

I now jiroceed to bring to notice somo considerations regarding the general 
relations o£ the Ladak rocks to the ro?^ the neighbouring Himalaya. In so 
doing I sliall take the rocks in their geological sequence. 

1. The Tortiarles . — These rocks have been sufficiently treated of in the section 
devoted to them. I have only to bring to notice the very remarkable resemblance 
in mineralogical character which exists between these rocks and the coiTespond- 
ing Eocene (Subathu) rocks of the outer Himalaya. Wo have good reason to 
believe that these two groups of rocks were deposited in perfectly distinct basins, 
and we can, therefore, only conclude that this resemblance in mineralogical 
characters is due to the Eocenes of both regions having been deposited under very 
similar physical conditions, and to their materials having been derived from the 
disintegration of very similar rocks.* 

2. The Greta cf’ouft . — As only small patches of cretaceous rocks occur in the 
area under consideration, Avhich 1 have not seen myself, I have no remarks to 
make concerning them. 

3. The Trias-Jitra nvd GarloiiiferouR, — The Triassic and Jurassic rocks, with 
which the Carboniferous are often closely associated, in this area of the Himalaya 
occupy three main elliptical basins, v'iz,^ that of Dras utkI Tilel, that of Zanskur 
and Ladak, and that of Kashmir proper, while other outlying masses of the same 
rooks occur in the CliAng-Chcnmo valley, and j^robably (ihougli the correlation is 
not certain) in the outer hills. In the western part of the area the Trias and the 
Carboniferous seem to be very closely connected with each other, and (cs])ecially 
in Kashmir) it is frequently very difficult to distinguish between the two, and, 
as I have said in my last paper, some of the rocks maj)pcd as Carboniferous may 
really be Trias, although as the upper beds are unfossiliferous, and of the same 
mineral character as the lower, except occasionally, it is difficult to distinguish 
them. No traces of the Jurassic rocks have been noticed in Kashmir or Tilel. 

In the Zanskar and Ladak basin, the Carboniferous is very distinct from the 
Trias, and according to .Dr. Stoliezka, th(ire is sometimes local unconformity 
between the former and the upper groups of the latter : it may be that the lower 
Trias is represented in Kashmir and Tilel, which would cause the greater union 
of the Carboniferous and Trias in those districts. 

In Spiti Jurassic rocks are extremely prevalent, while, as far as I can judge, 
they ap})eai; to become less and loss developed as we appi'oach the north-western 
extremity of the Zanskar and Ladak basin ; Cretaceous rocks are also well deve- 
loped at the south-eastern extremity of this basin, and are represented only by 
patched here and there towards the central part. It would thus appear that in the 
noHh-Wea^em poiiion of our area the, rooks of these basins are older than many, 
of those to the south-east, there being a gradual increase in the proportion ef 
Trias, Jura, wd,X!r0^ceous as we travel from Kashmir to Spiti. 

The Tria^Jurtt fa thesehasins is generally characterised by the pre^ 

* po^Blbly be that tfa Jndoa aiiii Hfanlayan Eoceaee.were tn two ai-tos 

of k''«eu'*iH)niioetiwg the/ twoto tbe westward* ' ■ '/ 
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valence of whitish dolomites and dolomitic limestones, often locally alternat- 
ing with poikilitic sliales and slates, the relative development of which varies 
considerably in different districts. Thej^.Zoji-La slates ' still remain a puzzle 
to mo, as I cannot correlate them vviua any of the Ladak rocks, though I still 
think those nearest the Trias are newer than it, from the evidence of the Panj- 
tarni section. Some of the irieta7nori)hic rocks in the centre of the ellipse must, 
however, I think, be older, though it is extremely puzzling to imagine how they 
are related to the other rocks, and the country is so rugged and diflicuU of 
access that it will be very hard to come to any precise conclusion. 

Tn most parts of Zanskar, Ladiik, and Tilel the rocks above the Carboniferous 
form one continuous geological series, characterised by the great prevalence of 
dolomites and limestones; except towards Spiti, fossils are very rare, and the 
whole naturally presents a combined Tnas-Jura, as in Aincric;i. Had no fossils 
been found in any of these strata, and were geological nomenclature to have 
originated in this district, the whole rock-series would bo classed as one great 
system. 

The great geological unity in many districts of the whole sei'ics, from the 
Carboniferous to the Jura, is a point on which I desire to lay great stress, as indi- 
cating the different results arrived at by purely stratigraphical, on the one hand 
and purely pala3ontological geology, on the other. 

The Carboniferous rocks vaiy considerably in mincralogical composition : in 
many parts of the valley of Kashmir they consist of pure blue limestones, full 
of characteristic fossils; w'hilo in other districts of Kashmir and clsewhen', they 
consist mainly of alternations of sTiales, slates, and limestones, very frequently 
containing crinoids and carbonaceous matter, and at other times quite unfos- 
silifcrous. 

From the occurrence of the Carboniferous and Triassic series generally in 
synclinal ellii)scs, with their longer axes coincident with the normal strike of 
the Himalayan rocks, togetlicr with the generally uniform mincralogical cha- 
racter of the Trias, I think it almost certain that those rocks once extended con- 
tinuously over the whole area.^ It may be that from the varying composition 
of the Carboniferous series these rocks were deposited in a shallower sea than 
those of the Trias. 

From tho occurrence of no rocks newer than the Cretaceous, and from the 
vast amount of denudation which must have taken place to remove the Jura and 
Trias from such large areas, I am greatly inclined to believe that, with’ the excep- 
tion of the Indus valley and a hand along the outer hills, this area has been 
land continuously since tho Cretaceous epoch. 

During the past season I have for the first time had an opportunity of seeing 
the Krol limestone, and desire to add a few words to my ‘previous conclusions, 
regarding it. It will be remembered that I have described a band of limestone 
and other rocks ^running along the outer foot of the Pir Panjal range ® liiider 

’ Rec, GeoL Surv. Indio, Vol. XII, p, 17. 

* I desire to retract an opinion previously expressed (Hoc. Gcol. Surv, India, Vol, XI, p,46) that 
the Carboniferous rocks wore deposited in separate basins, > ' ^ ' 

■* Rcc. Gcol. Surv, Indio, Vol, IX, p. 160.. , v! ' 
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the name of tlie Kiol scries, wliieh [ have regarded as the representative of the 
(^arhoiiiferous. This limestone l3aiid I have tilso considered to be almost certainly, 
from its composition and [jositiori, t^f^be the etpii valent of the inverted band of 
Krol limestone running along the fr)ot oi vLo lower Plimalaya in the Simla dis- 
trict, and these opinions I still hold to. 

I at the same time considci*ed that the wliole of the limestones capping the 
slates in the Simla district, wliich are presumed to be tlie same as tbe Krol 
of the foot of the mountains, to be also of Carboniferous ago. An insp(‘etion of 
1h(\se Simla limestones, with tlieir underlying Hlaini rocks and Simla slates, has 
shown me that they agree so closely with the C^arboniferoiis and Silurians of 
Jjahiil, that T am most strongly confirmed in my opinion that the slates are of 
Silurian, and at all events the lower limestones, of Carhoniferous age. Mr. Med- 
licott,* in describing the infrji-Krol rocks, notices in them the gi‘eat prevalence of 
a carbonaceous element, and in the overlying Krol, of limesloncs underlain by 
([uartzitic sandstones. In both these characters the rocks in question agree 
exactly with the pi'esumably Carboniferous rocks of North Jaihul. 

'fhe Krol limestone is, however, so much tliickcr than the Carhoniferous of 
fjahul and Ladak, tJiat I now incline to the opinion that the ujiper part of it is 
])rohably the representative of the Trias of those districts. The characteristic 
dolomite is, however, wanting, and in the absence of fossils we have no means of 
.sub-dividing the Krol. I liave already stated my opinion that the enormously 
thick liTnestones of Kashmir may be the representatives of both Carboniferous 
nnd Trias, and I now extend this opinion to the Simla Krol limcslono and tlie 
(Jrcat limestone of the outer hills. In Kashmir, as I have noticed above, the 
Carboniferous and Triassic sinies are generally so closely related that it is of km 
(liflicult to draw any hard and fast boundary between Ibetn, and since they often 
vary locally to a very considerable extent *in mineralogical composition, there 
would be nothing extraordinary in their being still more indistinguishably blend- 
ed together in a region some distance away. According to tJiis view the infra- 
Krol carbonaceous shales w'^ould probably be Carbouiferous (with which rocks in 
.Ijadiik they correS])ond in composition to a considerable extent), and both upper 
and lower Ti;ia.s and upj)er Carboniferous may be rei)rosented in the Krol. Some 
of the .shales in the Kiol arc much like those of the infra- Krol. 

4. Tke Silurian, — The past season’s work lias I’endered an important contribu- 
tion to the geology of this ])art of the Himalaya, in confirming the conclusions 
previously ‘arrived at as to the Silurian age of the groat slate series. The key 
to this problem lies in tbe »Spiti district, where these slates contain Silurian 
fossils, and underlie conformably the Carbo-Triassic rock series, and overlie the 
“ centxttl ” gneiss. Prom Spiti these Silurian slates may be traced through Zdns- 
kdr to Drds and thence to Tilel,® where I have elsewhere shown that these slates 
are the equivalents of those of tbe Kashmir valley, the Pir Panjal and the Kisht- 
war district. The slates of Pangi,® from their relation.s to the gneiss, must in all 
probability be of contemporaneous age. 

* Mimaal of Qeology of India, p. 600. 

Ucc. Qml Surv. India, Vol. XU, p. 20. 

3 XJ, p. 54 
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The slates of Lama-Yurii, Tankso, tlie Panofon^ Lake, and the Cliang-ChoTuno 
valley, from theii’ siimlariiy in mineral composition to tliose of the Dras river 
are likewise inferred to be of tlie same wliicli inference is strengthen(^d by 
the slates of Pangonpf, which can be into coniieetion with those of Tankse, 

underlying strata of presumed (Carboniferous ago. 

The slates and gneiss of Ru]>su, which likewise underlie Carboniferous strata, 
must also be placed on tlie same horizon. 

5. The lower (jHciss, — In the foregoing sketch it has been shown that the 
gneiss of the Kaihis range conformably urulerlies a large thicktuiss oF slaies, 
which seem to corres[iond approximately in position to the Silurian : following 
tlic same system of nomenclature, such gneiss may be termed Cambrian gaieiss 
as consisting of a distinct geological formation. It bas further been shown on a 
previous occasion,' that the gTieiss of the Zjiiiskar ra.nge and of Kashmir is simi- 
larly situated in regard to the slates of those districts, wliich are also classed as 
Silurian ; there is, therefore, considerable yr had facie evidence that all this gneiss 
is con tern poi-an ec > ii s . 

It now amnains to considtn* whoiber any or all of such gneiss is ccjui valent to 
the ‘‘ central’’ gneiss of Dr. Sioliezka. It appears from the sections of the gneiss 
and Silurians in the Spiti district, where the “central gneiss” was lirst named, 
tlnit tliat gneiss is uneonformable to the Phabeh Silurians, though this is not 
clearly stated in the text : if tliis be true, Iho central gneiss existed as such at the 
time of deposition of the slates Dr. Stoliezka, however, himself roeognisod the 
gneiss of North Laliul as “ central gneiss,” - and also suggested that some of the 
gneiss of the Zanskar I'ange to the soiitli of Padam and Suru belongcsl to the 
saJiie foi-mation. No evidence of uucojifoimity can bo scon in this section. 

It has been noticed in my paper on the gneiss of the Ziinskar range ® that 
possibly some portion of the latter was gneiss at the lime of the dojiositiou of the 
Silurians; and it was suggested that such gneiss might be the equivalent of tho 
“ central gneiss.” It w'ns also shown on that hypotliesis that tho gneiss in North 
Lahill identified by Dr. Stoliezka as “central gneiss,” must, if rightly ideritilied, 
be uneonformable to tbe overlying Silurians. But until the conformity or uncon- 
formity of tho central gneiss is elsewhere settled, it .cannot be settled hero. 

It, therefore, seems pretty clear that the “ ctmtral ” gneiss is rejn’esented in 
tho Zanskdr range, but, as 1 have said in my above quoted paper, how much or 
how little of such gneiss is “ central gneiss ” cannot bo determined. Similarly, 
in the Kailas range, it is probable, in my opinion, that the lower massive, gneiss 
may be the central gneiss, and therefore uneonformable to the higher gneiss 
beds, if the central gneiss is always so : how much or how little of the central 
gneiss occurs there I cannot possibly say. As in my other maps, the whole of 
the gneiss underlying tho Silurian slate series has been colored tho same tint, and 
has been called central gneiss ; this gneiss must, however, include botl^ the gnoisB : 
conformable and that uneonformable to the slates (if there be such) and 
rather have been called Cambrian and central gneiss. i 

1 Kec. Geol. Surv, India, Vol. XI, p. 59. 

* Mem. Geol. Surv. India, Vol. V, p. 341. Rec. Geol, Surv. India, Vol. XI, p, 59. ' 

* Rec. Geol. Surv. India, Vol. XI, p. 60. ‘ ' ' ^ ‘ . 
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The enormous tliiekness of slates overlying the gneiss in Pangi and in Chiing- 
Chenmo appears tp rao to be at least as thick as the slates in the Bhal)eh section. 
It would, therefore, seem on the unca, fonnity hypothesis that such gneiss as con- 
formably nnclorlies the Silurians, and wlTAvh I call Cambrian gneiss, is unrepre- 
sented in that section. How thick or how thin this conformable Cambrian gneiss 
may be, or whether it is the same as the central gneiss, I cannot say. In other 
places, where the slate series is thinner, some of the great underlying gneiss 
series, as I have said in my previous papers, may correspond to part of the Silu- 
rians of the Bhabeh section. 

I have alread}’^ stated that the gneiss of the Kailas range dips to the north, 
and that the oldest beds are consequently exposed along the valley of the Indus : 
and I have also shown that when the Palaeozoic rocks appear along the valley of 
the Indus beneath the Tertiaries that they are either of Carboniferous or upper 
Silurian age. We may, therefore, pretty safely conclude that tho southern 
bound aiy of the Kailas gneiss is a faulted one. 

Dr. Stoliezka did not apparently observe the rehations of the gneiss of the 
Kailas range to the overlying slates, and, apparently identif 5 ’ing it with the 
gneiss of Ru])su, came to the conclusion that all the Ladak gneiss was of Silurian 
age, a view which in a previous paper* I accordingly ado[)tod, before I had per- 
sonally examined the relations of the rocks in sitv. This view was, of course, 
adopted in the “Manual of the Grcology of India ^ With regard to the objec- 
tion that the Laddk gneiss differs in composition from the conirnl gneiss, I may 
state that 1 liave elsewhere ® shown that the gneiss of Dnis is fi‘equenily granitic 
in composition, and that there is also a great variety in the composition of tho 
Laddk gneiss, granitic gneiss being not uncommon among the syenitic varieties. 
The presence of veins of albite granite in the gneiss of the Kailas range in the 
Chimray valley is another point, as far as it goes, connecting this gneiss with that 
to the south. 

A general survey of the map from north to south shows a series of gneissic 
ridges (Dhaoladhar, Pir-Panjal, Zanskar, and Kailas) running from south-east to 
north-west, the hollows between wdiich ridges are sometimes occupied by nor- 
mally overlying Silurians, and sometimes by newer rocks, which have been 

faulted down-^ 

f 


Additional Observations. 

In conclusion, I may add, that I have lately found a series of Carboniferous 
in ihe Indian Museum, which were sent by Mr. P. Drew, and were ob- 
Wardwan valley, a little above the village of Sdkness/ These 
Sfff^prehend the chamcteristic Carboniferous FenesteUa, ProducU, and 
^!d occur in a black shale like that of Eishmakam in the Lidar valley 
;*Some dolomitic limestones, also sent by Mr. Drew from a point still 
th5 !^ardwan, appear to belong to the Trias. 1 
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Near Avantipiir in Kasliinfr, I found tliis season sorno Carboniferous fossils 
in the higher beds of the trappoid rocks, ^showing that some of these extend 
ujiwards into the Carboniferous. 


Teeth of Fossi. Fishes from Ramri Island and the Punjab, by Jl. Lydekker, 
B.A., Geological Survey of India. 

Diodon. 

Amon|; the collection of fossils transferred to the Indian Museuni from tho 
Asiatic Society of llcngal, there occurs the ])alatal tooth of a tish, said to haT(3 
been obtained from Ilamri (Ramree) Island, off the Arakan C^oast, by Ca})tain 
Foley. This tooth consists of a series of horizon! al and oval j)lates, lying one 
above another. Each plate is divided by a vortical line into symmetricial lateral 
portions, and the lowest, plate seems to have lately se[)arated from another in- 
ferior plate. Superiorly the tooth is bevelled away hyanobli(|uo andconca\o 
surface of detrition, exhibiting a section of the edges of each of the eoniponent 
plates. The longer diameter of the lowest plate is 1 *2 inches, and the shorter 
67 inch. 'I’he above description will clearly show that Iho tooth belongs to 
the genus Diodou. 

A precisely similar tooth was obtained by JVlr. Wood-Mason at Port Blair, 
in the Andamans, in a sandstonej-ock. 

With regard to the age of the deposits from which those teetli W'erc; obtained, 
it ap^ ^ars from Mr. Mallet’s paper on the “ Mud A'olcanoes of Ramri and Chedii- 
ba,*’’ that the author considers, the Ramri rocks to bo of Numinulitjc age: 
Mr. BJaiiford, in the ‘‘Manual of the Geology of India,"” also clasH(\s most of 
the Ramri rocks as Nuimuulitic, but thinks that some on the eastern side t)l‘ the 
island may be of cretaceous age. The rocks of Port Blaii*, according to Mi*. 
Blanford,’* are similar to those of the Arakan Yorna, whicli (p. TKi) are also 
Cretaceous and Nuramulitic. From the majority of the rocks in Ramri Island 
being of Nummulitic age, and from Dlodon not being known elsewhere below 
the Eocene, 1 think it most probable that the fossil teeth are of Ishinimiililic 
age. 

The living Globe Fishes, according to Dr. Gray/ are inhabitants of aU the 
warmer seas, and comprise four species, of which D. hysirix aloiie inhabits 
‘the Indian Ocean. Of the latter species 1 have examined a small specimen, 
some 10 inches in length. In that specimen the teeth are, of course, much 
smaller than our fossil specimen, but as the living species grows to a very large 
ske, no distinction can be drawn on these grounds. In 1). hystrix, however, 
the worn surface of both upper and lower teeth is quite flat, while in the fossil 

* Rec. Geol. Surv. of India, Vol. XI, p. 193, 

» p. 717. 

^ loe. cit, p, 733. 

^ Brit. Mus. Cat. of Fiibw, Vol. VIII, p. 396. 
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tooth this siirhico is raarkoHly ooncavo. Owing to thfe difTiciilty of seeing tlio 
teeili in jjiw of 1). Itystrix^ I could not institute any closer comparison. 
I hfn 0 no o]»|)ortunity of com])aring the teeth of the three other living species 
witli ilie fossil. 

Oi tin; fossil Diodons, D. tennispinvs, from the Eocene of Monte Boica, is a 
small species,' wliilo our fossil is a large one. D. scUltr,'’^ from the Tertiaries 
of Southern Italy, seems to have the edges of the plates of the teeth creriulated. 
Tlic teeth of D. seem to he nnknown. The teeth of from 

America,'* seem to have had triangulai* plates. A Dlodou has been mentioned hy 
Trolessor L. Adams ® as occurring in the Miocene of Malta, hut has not been 
specilically named. 

Although 1 caTinot bo certain of the specific distinctness of the Ttamri fossil 
tooth, J yet think, that as it seems to belong to a distinct species from the species 
now Jiving in the IndiJin Ocean, and as it is very difficnlt to refer to specimens 
without distinct names, I shall do widl if I provisionally call the fossil Diodoti 
foh‘yi\ after the diseoverer of the Itarari specimen. 

On page iir> of the 3}‘d ])aj't of the 1st volume of the IVth series of the 
“ Palmontologia hidiea,** the llamri tooth is referred to as of cretaceous ago. 

The oecurr(!nce of the fossil Diodon in the Eocenes around the Bay of Bengal, 
and the existence there of a living species, ■^^ould seem to indicate that tho 
genus has inhabited tho Indian Ocean continuously since the Eocene. 

Capitopus. 

The genus Capitodus was made by Count Munster ® for the reception of 
certain jaw’'s and teeth of fishes from the Miocene of the Vienna basin. These 
fishes were furnished with palatal, and peculiarly flattoncd incisor teeth. Count 
Miinster classed tliern amoTig the Ganoids; but M. Agassiz^ considered that they 
belonged to tlie 8j»}iroid Teleostcans (Breams and Sea-B]'cams), which scorns to 
be the more ])robable view. > Cupitodna trunenins has been subsequently described 
from the Miocene of upper Silesia I am not aware that any new species of the 
genus has been record(jd since the original five species described by MiiTistcr. 
Some years ago, bowcAer, Mr. Wynne sent to the Indian Museum a fish-tooth 
from the beds overlying the niimmulitic salt zone of Kohat, which by Dr. 
Feistmaritel and myself has been determined to belong to the genus Gapitodm» 
Tlie toptli is one of the so-called incisor teeth, and has a broad, laterally expanded 
crown, the dentition of which is worn obliquely and concavely on the inner surface. 
The external surface is coated with hard shining enamel, and is convex laterally ; 
the base of the crown is anchylosed to a bony pedicle, which must once 

» Pictet; "Traits de PaUontologie,” Voh II, p. 128. 

* Ihid. ^ 

* Uid, 

* Leidy : Pro. Acad. Nat. Sci., Philadelphia, Vol. VII, p. 397. 

* Qunr. Jour. Oeol. Soc., Vol. XXXV, p. 529. 

* Peitruge '/nr Pctrofacten knndo, Bayrpnth, 1839 — 46. 

^ Pronn : Index, Pttloont. Noinenclator, p. 214. 

* itoenier : “ (leelogie vou Oberschlesion,** Breslau, 1870, pi. XL\III, fig. 4. 
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hare joined tlie jaw. The width of tlic crown is 0*7 inch, and its height 
0'4 inch. ^ 

The general form of the crown of this tooth, and ifs wear, is much like that 
of the incisor of Gaiyltodus trmicnhis^ ; the crown is, however. pro])ortit)iialIy much 
wider in the Indian than in the European tootli. Tlic otlua* Eiiroj)ean species 
have still narrower incisors, l^he Indian tooth belongs n})parenlly to a distinct 
species, which T propose to name G. indirus. 

The sti’ata from wdiich tJio tootli Avas obtained arc probably of np])er Eocene 
age. The genus GapitoJuR seems to bo closely alli(Mi to tlic living S])ar()id 
Sargns^ but is distinguished by its broader incisors. The Indian species ean*ies 
the genus back to the upper Eocene. 


Note on the fosrtl cieneua Noggcrafliia, Stbo., KoggcrafJn'ojfsift, and 

FhipiomnGdvs, SomiAi.n, in j'AIi.eozoio and secondary rocrs of Ei r’ope, Asia, 
AND Australia, hij O'n’OKAu Feistmantel, m.d., Palceontologisf, Gvohujlad 
Survey of India. 

In my Flora of the Talchir-Karharbari beds, I had occasion to notice wliat 
Avas then known regarding the systematical jiosition of the genus Ndyyerathia, 
and also to show the reasons why I tliouglit that certain leaves of the Indian 
coal beds, described as Isoyyendhia^ diJTer from tin’s gcuius in tJie jiropcr sense; 
I accordingly named them Ndygerafltiops^iSf leaving tlieni with the 
At that time J could not refer to the Australian re/// m ; but later exami- 

nation and comparison have show^n that the Australian leaves, also called AV//- 
qcrathia, do not gencrically differ* from the Indian Foggeralhlojisis^ and have 
therefore to be also classed wdth this genus. 

In India the leaves seem to rejiresent one siiccies ordy, Avith about one or two 
varieties; they are known from (a) The Talchir-Karharbai group, and {h) from 
the Kaniganj-Kamihi group. 

In Australia this genus is known to begin in the lower coal-measures (licdoAV 
the first marine fauna), from Avhich J describtal one species as NoygerafhJopsis 
inisca. It is more numerous in the ujiper coal-measures (NeAvcastle beds), from 
which tw’^o species of ^oggeruthia were described by Dana; they should now, 
of course, be classed Avith Noggerathiopsis, 

There is a close representative of this genus in the Siberian Jura, in the 
Kusnezk basin of the Altai, and on the Lower Tunguska (tj'ibutary of the 
Yenissei river). From the former place, tAA^o species of Fojgerat/na were describ- 
ed by Prof. Goppert^ as Nogg, aqualis and N. distam, and the formation from 
which they came was supposed to be Permian. 

Quite recently, however, Mr. Schnmlhausen has published a short paper on 

Munster: he. cit.t Vol. VIT, pi. II, fig. 2. Roemer, loe. cii. 

s Owen : Odontography,” pi. XLII. 

* Tcbihatcheff : Voyage duns TAltfil orientale, 1845. 
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the Jurassic Floras of RussiaJ where the Flora of the Kusnezk basin on the Altai 
is described as an undoubted Jurassic flora. Regarding the two mentioned species 
cf Nogijeratlda, Mr. Schmalhauaen sajs> “ The specimens described by Goppert 
as Nb(jij, distans and N, (sqmlis are apparently leaflets of a Ggcadeom plant, 
related partly with forms of Zmiia^ partly with Podozamites. The name Ehijpto^ 
zamites is proposed for the same.” They are described as very numerous; with 
them occur P/igllotheca, Asplmium wMtbienset Bgt., sp. var, tetme^ Gzehanowahia 
riyida, Hoer, Pimis nordensJcioldi, Ileer, Phbnicopsis anyiistifolia, Heer, Samaropsis 
2 mrvula, Heer, and also Gimjko, most of which occur in the Jura of Eastern 
Siberia and the Amur countries. Of Gycadeacea, the following were found ; 
Zamites injlexus, Eichw., Podozamites eichioaldi, and a Ctenophyllam, 

The genus lihipto zamites is equally numerous on the Tunguska river. 

A comparison of the Indian and Australian Noyyerathiopsis with the original 
drawings of the Altai Nbyyerathia (Goj)p. 1. c.) shows that they arc remarkably 
close to one another, and the genus lihiptoza^uitesy Schmalhausen, is a Jurassic 
representative of the genus Noyyerathiopsis, which in Australia begins in palaeo- 
zoic beds, in India occurs in the Talcliir-Karharbari and Damuda divisions of 
the Gondwana system® and in Siberia has a close (if not generically identical) 
representative in Jurassic rocks. 

There are now especially three genera : Phylloiheca, Bgt., Glossopteris, Bgt., 
Nbygerathiopsis, Fstm. (and Mhiptozamltes, Schmalh.), which begin in Australia 
in palsoozoic rocks, and pass almost unchanged through the subsequcnl forma- 
tions into Jurassic rocks in India and Siberia. 

In my Flora of the Lower Gondwanas, I shall treat more closely of this 
genus, where I shall also refer to Count Saporta’s recent papers on Noygerathia 
and various plants included in this genus ; “ as also to some recent observations 
on the fructification of the Bohemian Noygerathia foUosa, Stbg., which modify to 
a certain extent the classification given in Mr. Saporta's paper. * 


Notes on fossil plants peom Kattywar, Shekh Budin, and Siroujah 
by O. Feistmantel, Palaeontologist, Geological Survey of India, 

I. JuitASSIC PLANTS FROM KaTTYWAR. 

In 1878, Mr. Fedden, while surveying a portion of the Kattywar peninsula, 
collectejd some fossil plants preserved in a friable sandy shale of purplish grey 
color. They are only very fragmentary, although the fragments are numerous 
enough ; but as a certain interest attaches to them, I think it worth while to 
name them and discuss, as far as possible, their relations. The plants were found 
three-quarters of a mile north-west of Than, Northern Kattywar. * 

^ Beitrage zur Jura Flora Russlands, Melanges physiqueB et chimiques, Tme XI, 

lir4 du Bull, de I'Acod., Imp. d. scienc. d-St. PeteJwburg, Vol. XXV. \ ( 

® Permo-Tna«Bic*ri£ Xalchirs are considered as representing a portion ol 
• Comptes Riehdus des Stances dePAcai. d* tome 86,1878. ‘ -- - 

. ^ V7hUa this short note was paa^u|r thi^iqj;h the press, 1 received Mr. paper 

with figures, hut too late for notl<^e; 1 shall dd so W an early opportunity; . ! \ 
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. Filices. 

Group of Albthopteris whitbtensis, fikliimp. (Feistm.) or Asplenium 

WHITHIENSE, Hccr. 

There is one pinna of a fern winch apparently bclon^rs to this group of fossil 
plants, hut it is one of the more slender forms, and is very closely related to 
the Jurassic As'plminm argutnhnn, Heer,^ which also is to be included in the 
group of Alethopteris whithieiuis. 

AUth>pteris whithierisis is known in Indio,, especially from the Jabalpur and 
Umia groups; from the latter I have figured a specimen closely resembling that 
from Kattywar. 


CYCADEACEiE. 

There is only one small fragment, which, I think, belongs to the genus 
Ptilophyllum\ it indicates one of the nan*ow-lcaved forms, to which belongs 
PtiL var. minimum, Fstm. from Kach (Catch) ; the same was also found in the 
Sripermatur group of the south-east coast of India. 

Conifers 

Representatives of this Order are pretty numerous, especially leaved branch- 
lets and seeds, although the former in no large specimens. The branchlets appeal* 
to me to belong to two species. 

Palissya jahalpiirensis, Fstm. The specimens are a little smaller than the 
original form from the J abalpur gi*oup. 

Taxites tenerrimus, Fstm. Several specimens arc certainly to be referred to 
this form of the Jabalpur group.. 

The seeds are : 

Araucarites cufehensis, Fstm. These are numerous, of various sizes. They are 
known from the Umia gi’oup, Jabalpur group, and Si^permatur group. 

Besides these coniferous plants, there are numerous fragments of long narrow 
leaves, with a central vein in the better preserved specimens. My belief is, that 
they also are eonifem, and in this case they most probably belong to the genus 
Pinvs, resembling very much Pinus mrdmfikidldi, Heer.* 

A comparison of these fossil plants shows that they are related to the 
flora of the Jabalpur group by the presence of Palissya j abalpur ensis and 
Taxitestenerrimus, Fstm; while Araucarites cutchensis, Fstm. is common to the flora 
of the Umia and Jabalpur groups. There is also a fern corresponding with a form 
from Katch and a fragmentary portion of a Ptilophyllum. These, with the Arau- 
carUes mdclimsis, Fstm., would correlate this flora also with that of the Umia 
group in Kaoh, ae was noticed in the Annual Report of the Geological Survey of 
India for 1878. 

1 Jiiraflora 1876 (Flora fowBilis nrcUca, Vol. IV, 1877), Taf. Ill, fig. 7, 

asur fossileh Flora dpitzher^ns, TAfel. IX, figs 1-6 (Flora fossilig arctica, Vol. IV 
Boitrage sstir Joraflora Ost-Sibirietia and dos Amurlandes, Taf. IV, fig. 8c (tbe tama 
Tafel XXII, p. 4, a b., XXVII, 9a XXyill, fig. 4. 
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Boih these correlations appear (as far as the plant remains show) to be equally 
jnstillocl; and this is certainly of no small interest, as this Kattywar flora thus 
forms a connecting link between those of the Jabalpnr and the Umia groups, plac- 
ing them, thus, homotaxially on the same horizon. This does not, of course, 
change anything of well established straiigraphical relations ; and there is no 
objection that the same flora., which if considered from the Jabalpnr group only 
has to be taken as middle Jurassic, should be found in the Umia group with and 
above upper Jurassic marine animals, and should still retain its middle Jurassic 
charfioter, which view 1 maintain. 

The case in Kacli is, of ermrse, easily solved: the formation is determined 
from the fauna, although this is associated with a flora of an older facies, but the 
queslion becomes more complicated wdicre in the same beds there are found 
marine animals, of secondary and paheozoic types, as in the Salt-range, and in 
cases to be described by Mr. Griesbach from the Himalayan Trias. 

2. Note on some plants from the Jifrassic rocks at Sheku Budin (Upper 

Punjab). 

lAUst year Mr. A. B. W^mno made a collection of fossils at Shekh Budm, com- 
prising a few ant- remains, which, although very fragmentary, are of great 
importance, as being the first ])Innts collected during the work of the Geological 
8nrvey in tliis northern portion of India. They are, however, not Iho only 
plants found in Upper Punjab. Dr. Waagen, in liia note on the Attock slates,* 
numtions that there are in the collection of the Geological Society of London 
several specimens of plants from the SalLrangc, although no recognisable speci- 
mf'iis 'were yielded from that ground to careful search by the officers of tho 
Sim-ey. * 

- The plant-fragments of Shekh Budin are preserved in a fine, slightly mica- 
ceous sliale, of a light purplish-grey color, rcsomhling certain plant- bearing shales 
of the Jurassic rocks in Kach, but more closely tlie sliales of the Jabalpur 
group, near Jabalpnr. The plants also, as far as determinable, recall those of 
the Jabalpnr group. 

The only fossils determinable with some certainty belong to the — 

CYCADEACEiE. 

PtilophylUim (1) uc?/^//oZiWu, Mor.— There is a fragment of a leaf of a cyca- 
deous plant, which belongs to the Z(imie(B and which I refer to Ptilophyllum^ for 
it appears from one of the leaflets that they are not free at the lower angle, 
but decurring ; the upj)er angle, which is free, is rather a little more rounded 
than is usually tho case in Ptilophjllum ; but a specimen with very similar 
leaflets to those under discussion is ^flgured as Ptilophyllmn amtifolkm in my 
Flora of the Jabalpur group/ Plate V, fig. 1. 

PodjozcvmiteSff sp.—There is ulother fragment of a single leaflet, ti^vjslrsed by 
longitudinal veins. This I I’efer to the genus Podozamites, and it appears to me 

* Rec. Geol Surv. of Indio, 187^, VoL XII, Ft. 4, p. 184. 

n^ul. Indica, Ser. XI, 2. 



PART 1.] Fiutniauhl : ^oie^ on FussU Plants from Kait^war, 


G5 


to represent the top portion, as the veins only a})pr4)jioli each other witliout boinj^ 
dichotomous. 

An identiG cation of a fra^^ment like this is ulNvays m(»re or less iiiieortain, but 
in this case I think we can refer the fragment to Pi>floz<anttc^ lancivlatus var. 
eicJmaldl, Heer.* 

This, although very nnsntisfactory paheontologieal e\ ideTiee, would so far 
show that these plant-beds of Shekh Budin liavc to be considered as i-epreseiita- 
tiv^es of the Gondwanas in the Upjier Punjab in association with niii»‘iue IksIs— - a 
case like that in Kacli, and on the south-east coast of India 

3. Lower Gondwana plants from hie Al'ijani.a coal-mell 

Mr. C. L. Qrieabach, on his way to the Taiapam and Wanikola coaJ-Gelds ni 
Sirgujah, passed through tlio Auranga coal-tiold and collcvded a h'w fossils from 
a spot west of Mump, in beds mapped b 3 Mr. Ball* a.s Barakars. Although I 
could only determine two Hpecies, I think them interesting enough for reeord. 

Trizi/gia spirinfut, Roylc. — The occurrence of this fossil in this cf)al-lield is of 
interest, as illustrating the geographical and stratigraphieal distribution of the 
species. It was first made known from the Barakars of the 'rn’chir coal-lield, 
where it does not seem to be rare. Subseijiumtly it was found to (jceur rather 
numerously in the Raiiiganj group of the Hainganj eoal-tield. This Raniganj 
form appears in general a little larger than that from the Ihu’akars. Later on 
the same species was brought from the Barakars of tiu* Bokharo coaJ-tiehl by 
Mr. Hughes; and it is also known from ihv‘ Bijori horizon (representing t ho 
Raniganj groii})) of the Satpiira basin, in the u[)iK‘r Demwa valley; and now wo 
knpw of it in the Auianga coal-lield from the Barakar group. This spi^eies is 
thus almost equally numerous in the Baiukar as in the Raniganj gi'Oiip. 

There is no essential distinction between the Raniganj and Barakar forms, 
both show the characteristic “ three paired arrangenumt of the hsiflids, the 
same distribution of the veins, etc. The only (lilTwrenou 1 eould find is that 
already mentioned, between the forms from tbo Raniganj eoal-Gtdd (Raniguuj 
group) and Talchir coal-field (Barakar group) ; but the sjioeimens from the 
Auranga coal-field (Barakar groiiji) exhibit a size like tliat of the Raniganj form, 
so that even this character cannot be used as distinguishing the forms from these 
two groups, and lioth must be declared identical. 

Olossopteris rommuniSf Fstm, — This species is equally frequent through all the 
sub-divisions of the Lower Gondwanas. 

4 Fossil plants from the Tatapani and Ramkola coal-fields (Sirgujah). 

Last year (1878) a good collection of fossil plants was brought by Mr. C. T^. 
Griesbaoh from the Tatapdni and Bdmkola coaUhelds. The fossils ai'O from 
various localities and from various horizons. Mr. Qriesbach, in his forthcoming 
report on the geology of those coal-fields, indicates the positions of the fossils iu 

1 Jurafiora Oet-Sil>iri«na nnd des Amurlandos, X877, Vol. IV, p. ICO, PI. XXVI. 

^ V. Bsll: Geology of the Auranga and Hntdr coabAcld (Palamow), Mem. Ucol. Surv, of 
India, Volt XV, Pt. 1, 
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each of his sections ; it wonld, therefore, be unnecessary for me to discuss the 
fossils from each locality ; it will sufficient to speak of the fossils of each 
grou]) collectively. In this area, the close palssontologieal relation of the several 
groups is also clearly illustrated, just as in the Satpura basin, especially, as it 
a])pears, between the Ranigan j and Panehot groups ; for there are fossils from 
several localities which, according to our present knowledge, correspond more with 
those of the Kaniganj group, while the beds seem to be referable either to this 
group or to the Panehot group. I shall mention these localities further on. 

The most interesting fact illiistratt^d by the fossils brought by Mr. Gricsbach 
is the salisfaciory ]»roof of tlic occuiTcnco of the typical Ranigan j group, as it 
occurs in the Raniginij held. IMiis is sliown especially by the numerous occur- 
rence of Bilmoncvra ijorulwaneymls^ although, as we know, Schizonc'itra is not 
entirely wanting in the Barakar group, and is also not very rare in the Panehot 
group. 

Baraka-R GROUr. 

T come at once to speak of the fossils of tliis group, no fossils having been mot 
with in the Talchirs, and also Jio equivalent of tlio Karharbari beds. As in the 
other coal-fields, there is here also no striking palccontological feature characterising 
the l^arakar group, most of the fossils being common to all the sub-groups of the 
Damuda division, and its pi'escnce is with certainty demonstrated only strati- 
gi'aphically *, hut a certain negative character can be used, i. c., the absence (or 
rare* occurrence in other cases) of SrhLonenra (when compared with its numer- 
ous occurrence in tlie Raniganj group) and of certain forms of Olossopterls, 
which I shall rtiark presently as occurring in the Raniganj group, in which group 
the genus Glossoj^terls api)cars to be altogether more numerous. 

1 tirst enumerate the fossils from localities which apparently belong to tlie 
Barakar gi*oup (judged from the stratigraphical position) ; while at the end I 
shall mention several localities, about which, from a palo8ontological point of view, 
T can form no certain opinion. 

1. Efjulfiotarea. 

Tertehraria indica, Royle. — The common form; found on the Sendur river, 
west of Mitgain; on the Ledho nalali near Karamdilia; between the Mah6n 
river and the Tamor hill, near Majurdaki (southern field) . 

. 2. Filices. 

Olossoptens communis, Fstm. — On the Sendur river, west of Mitgain west of 
Ohumra ; on the Ledho nalah, near Karamdiha. 

Olossoptens hrowntma, Bgt.— On tlie Sendur rivor, west of Mitgain. 

Olompterls (dtmudka, Fstm., MSS.)— Tliis is a species which, like Olossop- 
tens communis, occurs through the jyrhole of the Damuda series, but is apparently 
most numerous in the Barakar ^oup and in the iron shales* Khav^notde- 
perilled it yet, nor has it been figured, but I nevertheless introduce ^ name, as 
1 shall have to refer to it again irhm speaking of the Baniganj Fronx 

the Sendur river, west of Mitgain j between the Mahfin rilw tsj&d the Tamor 
hill 
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Glossopteris indtca, Scliimp. — ^Between Malian riyor and Tamor hill (^la- 
jiydaki) 5 north-wost of Rconii. 

3. Cj/cadeacefs (t), 

Ndggerothwpsis hislopi, Bunb., sp. (Fstm.) — This? R})ecies, at first known from 
the Kdinthi (Raniganj) group only, was later idi*niilied from tho Barakar and 
Talchir-Karharbdri groups also. Between tho IVfahdn river and Tamor hill 
(Majurdaki) ; Suidud nalah, I \ mile north of Blieria. 

The localities, tho fossils of which do not indicate wiili certainty tho Barakar 
group, are : 

(a). West of Dhonda, from where I could determine : 

Glossopteris indica^ Seliimp, and 
Qlossoptcris communis, Fstm. 

(&). Suknai nalah north of Sarscra : from here I determine: 

Vertehraria indico, Royle. 

Glossoptcrh communis, Fstm. 

There is, however, no objection that these localities also should be mapped os 
Barakar, as is done on Mr. Grie&bach’s map. 

. Ranioanj group. 

The occurrence of the Raniganj group in tho typical foiTu is, T think, well 
established in this field by the frequent occurrence of SeJneoneura goudwmensis, 
Fstm., and of several sp(*cies of Glossopferis, which hitherto are known from tbo 
Raniganj group only ; I shall mention them presently ; one is already a described 
form, the others are new, 

1 . Nquisetacea, 

Vertehraria indica, Royle, the more branched form, as known from tho Kam- 
thi (Raniganj) group ; between the Mahdn river dnd the Tamor hill ; nalah 
between Gouri and Ghui ; in the Memo river, north of Parasdiha. 

Scliizoneura gondwanensU, Fstm. — Several piccos-of shale are filled with speci- 
mens of this species, just as is the case in tho Raniganj field, and also the shale 
agrees with that of the Raniganj field. The specimens are in laj^ers, one over 
the other, preserved as leaved stalks of various sizes and as single loaves. It is 
additional evidence to the wide geographical distribution and frequent -occur- 
rence of this species in the Damuda series, especially in the Raniganj group. 

We know this species at present from — 

(a) , the Raniganj group of the Raniganj coal-field, where it is very numer- 
ous; from the Jherria coal-field ; from the Hingir coal-field; from the 
Tatap&ni coal-field, where it appears to be also numerous ; and from 
th^ Satpura basin, where it is known from two localities (in the Bijori 
horizon) ; 

(b) , from the iPanchet group, in the Raniganj field, where it occurs pretty 
numerously. 

(c) , from the Barakar group on Lumki hill, in the Earharb&ri coal-field ; 
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((/), from ilio Talcliir-KarbarMri beds in the Mohpani coal-field, and (‘0 
from the Talchir shales of the Deogarh field. • • 

In the Tatapjini coal-field it occurs along the nalah at Budatand and near 
Lanjit.® 

Filioe5S. 

Glossopteris august! folia, Bgt. ; this narrow-leaved form is especially known 
from the Baniganj group. 

Banki Nalah, between Cbumra and Gidhi ; between Mahdn river and 
Tamor hill; Moriie river, norib of Parasdiha; Budatand nalah, near 
Budaiand, south of Nonadih; in the Ledho nalah. 

Glossoptcns teftfera, Fslm. — Tin's also is a Raniganj foiTti. Banki nalah, 
between Chunira nnd Gidhi. 

Olossopt. comininti<i, Fstin. — Banki nalah, Ixdwecn Cbumra and Gidhi ; east 
of Ghui ; south of Nowadih ; in the Ledho nalah. 

Olossopt, indica, Schimp., between Cliumra and Gidhi. 

Glossoptt ris, sp., a ])eculiariy oval leaf, which, I think, will prove a new 
species. One sjiecimen of the same kind is known from the Raniganj 
group of iht* Raniganj field, and also the rock agrees completely. The 
net venation is much like that of Olossopt, comm an is, but still finer and 
naiTow’cr, and ihe midrib diminishes suddenly towards the apex. I shall 
describe this form in the next fasciculus of the Lower Gondwdiia Flora 
NoHh of JVIeguli (Moholi on map). 

Olossopt. damndica, Fstm. (MS.) — This species is already mentioned above. 
Momc river, north of Parasdiha. 

OJossojtteris, sp. — Another species was found in the Tatapani coal-field, iden- 
tical with one from the Raniganj fiedd (Raniganj group), not yet de- 
scribed ; it is a iiaiTOw leaf, with a large net venation, the veins passing 
out from ihe midrib at an acute angle. South of Nowadih. 

From those fossils, the Raniganj group is certainly quite well established. 

Thei*c are a few other localities, which ])ala‘ontologically might be still placed 
in the Raniganj group, while strati graphically they seem to be on the Pancliet 
hoiuzon. 

a, Nalah west of Narola — 

Olossopteus, sp. 

h. In the Ledho nalah — 

Ohssopferis aiigustifolia, Bgt. 

Olossopt, commmis, Fstm. 

Olossopt. indica, Schimp. 

e. Near Karamdiha— 

Olosaopteris communis, Fstm. 

* 

1 The specimens appear at least to 

® This portion of the Lower po]idw'4nH8 near Lanjit ie cMorod as Baritite, the strata 
being much broken np l»y dykes, etc., so that )io distinction of beds could be made out. Tbe 
frequent occurrence of JSiokisOneitm gondwansnsis, Fstm., at this place would refer that portion to 
tbn Xtaiiigaiij group. 
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Tlicse localities tlnis yield an niuisually large inimlx*r of nio>i^opter!.% wliile in 
tlie Panohet rocks, althougli its ncniiTonce is undoubtedly established, it is only 
known to occur rarcdy, and fragmentary. At these localities, however, it occiiis 
in the same manner as in the Raniganj group, and w(‘ havt‘ cither to acknowledge 
the closest connection of the Panchet and Jianiganj giMnijis (whicli in this fii'ld 
also seems to be shown stratigraphicall^^), or to account for tlu‘ unint(*rrn[)te(l 
passage of the Raniganj flora into the Panchet grou]), in which case the closo 
relation of both is again shown Tt is, of eonrse, jiossible that tlie ohs(‘rvatioiis 
upon which those* suggestions are based might be modilicMl by a i ('vision of tlie 
survey, but taking the lines as laid down by Mr. (1 riesbaeh, w(' may now say 
that tln*oe-fifths of the species in the Panchet group are those of the Raniganj 
group. 

This mutual relation of the Raniganj and Panchet groups in this fndd, is so 
far interesting and important, ns at the two last-named localities there oeeurs 
a ])lant which appears to be a T/iinnfihlia. 1 shall describe it more closely in my 
Flora of the Lower Oondvvanas 

M\fTAI)LVAS. 

In succession to the Raniganj-Panclict rocks the Maluulcvas arc highly de- 
veloped, as in the Saipnra basin ; and they have proved etpially poor in fossils. 
Mr. Griesbach discovered only at one locality some fragments of plants, which 
do not admit of specific determination: one is an Ahthojitcrin ; the other is doubt- 
ful, oven as to the genus ; it is either a Tteniopterh or (Ihssopfcri.f. 

The Mahadevasin this area seem to be to the Panclu'ts in I ho same close rela- 
tion as in the Satpura basin, w^here the whole Gondwana system is dc'vidojx'd, 
from the Talchirs (bottom) to the Jubalpnr group (toj)), and these basins wlit'rc* 
the snccession of the several groups is also continuous, are, tlK’i-efore, of tlu* 
same interest for tlio correlation of the various gi*ou})s 


On Volcanic Foci of Eruption tn the Konkan, ly (Jeoroe T. Clark, > 

I chanced yesterday, in the library of the At hcnapiim Club, to meet with (ho 
two volumes upon the geology of India to which arc prefixed your name and that 
of Mr. Blanford, and in vol. 1, page 327, 1 lighted upon some remarks very 

complimentary indeed to myself, but which do not, I think, refer quite correctly 
to what I advanced, now thirty years ago, on the geology of the weatorn-side of 
the Indian peninsula, in tho neighbourhood of Bombay. I therefore address 
myself to you by letter, and 1 must ask you to excuse the length into which I 
may probably be betrayed. 

At the time that I reached Bombay in 1844, nothing was known about tho 
origin of the trap of Westom India, and I found fi-om Mr. Orlebar, and, I think, 

1 Mr. Clarkes observations and views upon the trappean rocks of Western India are much more 
clearly brought out in the letter (dated aSth July 1870) published above, than in his original pa- 
pers in the Quarterly Journal Geol Soo., London, Vol IIL, p. 221, (1847) and Vol XXV, p, 164 
(1860), from which the notice in the Manual was taken. The obscurity upon the important qnes- 
tiott of denudation is now (juite cleared up.^H, B. Mublicoxx. 
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from Mr. Malcolmson, both ver;J competent geologists, that even Bombay and 
Salsette had not been geologically examined, and that little was know of their 
details and still less of those of the i^onkan on the opposite side of the harbour. 
Feeling much interest in the subject, I determined, while visiting the Island and 
the main land for other purposes, to pay what attention I could to the geology- 
I began with Bombay, and spent some time in laying down the dip and direction 
of its rocks, which I found to bo mostly igneous, traps and greenstones, with 
occasional intervening beds, jirobably of sedimentary origin, all dipping more 
or less westward at a high inclination. While thus engaged I was fortunate 
enough to fall in with a bod, newly uncovered, containing very perfect remains 
of batrachians, which lay immediately beneath a sheet of basalt capping the 
western side of the Island of Bombay, and which was evidently its latest forma- 
tion. I sent home to the late Dean Buckland some specimens of the fossils, 
which were figured in the Journal of the Grcological Society (Vol. Ill, p. 224), 
and thus the geological date of the basalt was established. I found the same 
dip and bearing to prevail in Salsette. 

On reaching the Konkan, and pausing near Kalian, I was much struck with 
the difference between the outline of the eastern and western eminences. The 
hills of Salsette were sharp-topped and steep, all their lines more or less inclined 
and covered to the top with vegetation, whereas the hills, or rather mountains, 
of the Konkan, were flat- topped, their leading linos horizontal or nearly so, their 
sides terraced, the terraces divided by cliffs, and the tops, at least, bare of vege- 
tation. It seemed as though in the one case the bods, being tilted, had allowed 
the rain to penetrate and produced disintegration, while in the other, the beds 
being flat, resisted penetration and its consequences. It was also clear that the 
eastern mountains, as Towleo, Bhow-mulling, and Matheran, were outliers from 
the great mass of the Western Ghauts, strictly conformable to them in their struc- 
ture, and that the dip of their beds, so slight as to appear locally horizontal, 
was really towards the east, and with a remarkably uniform inclination. 

This contrast, obvious at the first glance, led mo to suppose that the origin of 
the traps must be sought for either in the trough of Bombay harbour or in the 
adjacent margin of the Konkan, or wherever the beds dipped from a centre or 
central line. It was further evident, with so complete a correspondence between 
the beds of the outliers and the main range, that the whole must at one time 
have been continuous, and that a vast mass of intervening matter must have 
been excavaied and removed. 

Following out these ideas, I proceeded to examine the floor of the Konkan, at 
first along its western edge towards Pan well, and then more thintitely ^ong a 
line which pointed westwa^ from Kalian towards the greJtt 1J)aJr of ihe 
Ghaut, and which present^ some very Temarkable appearauoeS;^ , 1‘ ' ' A 
The rook beds/ so far as I oliewved, at dr hear the level of the floo^^^d^ 
Konkan, which was not dhoi^ that of the sea, were all of a 
of trap, Ac jesi’des 'being mostly 

' 'Usually the lowejp lesS;>oUd,;;^apdi4h|l^^^ 

vesicular; The ■ vesielee" of; '|Sl orlft , 

diameter of 3 or 4, .apd^ji^ey' 
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while viscid and full of air bubbles, had flowei ' m the direction of their longer 
axis. Occasionally also the vosicles were bent and twisted, as though the trap 
had flowed over a hard edgo-, as water over a weir; ])articulars whicli seemed to 
afford a clue to the direction, and in some degree to the circumstancjes, of the 
flow. Following upon these indications, I found that T readied a number of hil- 
locks or cones, hollow in the centre, and often witii a gap in one side, and within 
and about these the tra]) often lay in small streamlets, crossing over or overlap- 
ping one another, but all evidently derived from a common source or centre. 
Frequently those streams had flowed for some dislimee in parallel Un(»s im])ing- 
ing upon each other, not uniting, so as to leave a Y-shaped trough between them, 
which again was filled up with other streamlets. All these had assumed various 
shapes according as they had flowed in a trough or over a flat surface, or over an 
obstacle, or had dropped over soiAe accidental steji or fissure in the subjacent 
rock. 

These singular, craf(u*-like, hillocks lay very thick together along the course 
of fhe Bervee river above K.<dian, and upon that of the u])])er Kaloo near Blialook 
and Kinnowlee. Near the ancient temple of Oombernaut are several, bonie 
with a central hollow a (piarter of a mile across and sides from 2(K) to 300 
feet high. The intenor slope is much steeper than the exterior, and t lie floor 
is usually very hard and undulating, as though it had been in a state of 
ebullition. 

Besides those hillocks arc also a number of flattened domes very distinct, 
though of no great height, like ]mg(‘ bubbles of very hard rock, and seiui, where 
the surface is broken, to be composed of layers like the coats of an ojiion. 

These are especially fre<pient in the upper Kaloo approaching the Malscgo. 

I observed also in the bed of this river, dry or nearly so when I saw it, that in 
many ])lacos it was not excavated ns by water, but formed by the parallel junc- 
tion of two lava streams, the stream filling up w^hieli had been dissecieil out, 
not eroded, so that the surfaces remained smooth and? sometimes almost glazcsl. 

All these appearances led me to believe that 1 had lighted on a number of 
foci of volauic or platonic action, ])laced along .certain lines, and tJifit these 
were the vents — ^perhaps sources would have boon a safer word — whence the 
traps of tlio district, and of the adjacent islands on the one hand and of the 
Ghauts and Deccan on the other, were denved. I came also to the conclusion, 
perhaps upon the examination of too limited an ai^ea, that the general -line of 
the sources lay nearly north and south down the edge of the Koiikan, pointing 
towards the islands of Henori and Keneri, and that the lino towards the iMaisege 
was a sort of spur or lateral axis, acqoonting prol^ably for the existence of that 
rety remarkable bay or indentation into tho main lino of the Syhadree rango. 

The contrast was remarkable between the irregularity of tho streamlets of 
lava in the plain and near the sources above described, and the excessive 
regularity o| the beds at higher elevation, and at a distance from those points. 

This imleed vm what might have been expected ; a regular and uniform dip 
being more likely to be arrived at by a lava sheet at a certain distance from its 
source. ' . 
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lJut (Ik* above are not tlio » ;ily remarkable features connected with t lies© 
bources. There are found fjceuerally, in tlio Konkan, lar^e numbers of basaltic 
dykes, more or less vei’tical, and usually mmiingdn lines straight or nearly so. 
These are of various breadths, uj) to 40 feet or even more, and they occur most 
fi*(‘(jiieTilly n(‘ar the sonrees or craters described above. Thus there are numbers 
of t]i(*m about the Tlervee betw(*en Kalian and Biidlapoor, and they arc especi- 
ally thick between ]\Joorbai‘ and Kinnowleo, and at tin* head of the Malsoge ba}", 
under Siinlloo and 11 urreeel Hinder. Not only arc they found in the floor of the 
Korikiin, but tlu‘y are si*eii to cleave the highest cminoiicos of the ghauts, and 
tiu'y extend for some miles In to tlie Deccan, showing that they were poured out and 
in ji‘el('d after the grc'at mass of the trap was laid down. It is remarkable also, 
that tboiigli so broad and exioTuled so far as 1 saw, they are rarely, if evt*r, con- 
nected with any disjilaeement of ilie intersected beds, or any tiling like a fault. 
It is remarkable also tliat the basalt which in Bombay is sjiread out as a sheet 
over the highest of the (ra[> ami greenstone beds, also caps the el(*vations of 
the ghaut h, as may be seen at Khardalla, B(‘ema-Sh linker, and other places, 
though whether those horizontal she(*ts were caused b}^ tin* overflow of the il^kes, 
(»r wlietbcr, as is more probable, their material overllo\\(*d the eratei’S in the 
usual way after the trap pen’od had et‘ased, 1 could not asei'rtain. ft is, how'(*\(*r, 
evident from (In* meelianical position of the basalt whether in dykes or sli(*ets, as 
well as from its illation to the batrachian fossils, that it was tlirown up after the 
ira]) ; and probably both d}kes and sheets, though not simultaneous, belong to 
tli(* same geological period. 

The basalt d^kes deserve close attention. They arc generally vertical, and 
v(‘ry rarely magnetic. Also they are almost always eoiuposed of small prisms, 
the axis being at right angles to the course and faces of the dyke. Also they 
arj commonly fringed at each face, the fringe or ‘ selband^ being broken up by 
vertical [ilaiies, parallel to the fiu^e of the d^ko. The dyke beneath the fort at 
Kalian is columnar. The basalt is usually homogeneous, though now and then 
its surfaces are ])iLted as though small deposits of minerals had boon \vaslii*d out. 
There is no cohesion between the iirisms, sf) that the dyke is often a mere trough, 
the matter being removed. ’Near the Wanaghaut whore a large dyke cleaves 
the nearly precipitous face, the basalt is so far removed that the dyke is repre- 
sented by a liollow chasm, and forms a st(»ep stair-ense, up vvliieh is a jiatii for 
foot passong(*rs. 

Although there is no vortical displacement eonnected with these dykes, the 
heat of the basalt has hardened and rendered tough the contiguous trap. The 
effect of this is curious. In the plain near Moorbar the country is intersected by 
a net work of steep and narrow banks ^from 100 to 200 feet high, some- 
what i*esembling the juntJtion of a number of lines of railway in embankment. 
The axis of each of these banks is a dyke, the toughness imparted by which 
has enabled the banks to resist erosion, wliilo the place of the dyke is ixtarked by 
a trougli a few feet deep, out of which the basaltic prifiras, being loose* have been 
I cTuev'cd 

iKieking back to the immediate causes of the very peculiar oonfigimatiou of the 



I^AIIT J.] 


Vltiil • Oh 1 ]An i of Lt a •fum nt ifu* Kon/itni 


country between the gliauts and the s(m, it ornn* < d (t) iik' that w liat J there saw was 
not unlike whatw'onld bo seen if the island ol Sieil> \\eri loin* submei')L>(‘d, and Kin.i 
bo acted upon by water curronts. 1^h(M*en(rai pari, hi int; shattered, would easily 
bo roniovod down to tlic nuclei ol the siweial (mmIims, and the Hanks of the 
mountain being much less sliakeu wvmid remain and pieseiit more oi* less of 
a scarp at thoir innermost and liio host edi^e, and thiar sni face, like that of the 
Deccan near the ghauts, would he liollowed into ordin.irv \cdle\s of eveavatioii 
If for a single central point one or moii' lines ol aetion were snhdilntisb t he 
effect w'Ould be pretty mneli what is now seemn th(‘ Konkan lh's,i)>l\ ihes<inie 
effect would be produced by ntmospherie action, oiil\ in such a i ase an (mormons 
jieriod of time would be ni'coss.iry 

Then, as to tlie contrast bet v^ ecu ihi’ Im ds loiming tli(‘ ghants and those lu 
llombay and Salsettis tlu former ataciitiin disl.uiei‘ from the liiii' of action 
lall with a uniform and gentle slojie, wdiire.is thi' w(‘st(in bids fall at an o])posile 
and mncli greater dip, and ar(‘ more or les^ In'oken. 1’his I siipposisl to be due 
to thi‘ pre\ioiis contiginalion of the ground. T tlnmght thi l).isf ol Kmikan and 
the Deeean to be a mass of metamorpliie rook, o\ei whiidi i\ie ti<\p lloweil at an 
easy slope, while to tlie west lh(» same iia]i flowid into the (hs'p si a I under- 
stand, how omt, that late researches are op]M)>ed to this latter notion, and tiuit 
there is reason to think that the griatiu’ dij) of the westi I’u hi'd is due to a sub- 
sequent subsidence. This, of course, does not niateiiall,> alfeid th(‘ question of the 
common sources of the^o rocks. 

I remark also that the present, and J daie sn;\ thi* rorivct, opinion istJait these 
traps are subaerial and volcanic. J siqqiosid lh(*m to be suhniaiine and idutonie, 
because they seemed to me to have b(»on oinptoii under immense piessure. This 
again does not materially affect the leading inferi neis deiixeil (rom ubscr 
rations, 

Tn concluding this long and, I fear, tedious letter, T may be allow (sl to re- 
mark that it is many years since 1 have jiaid attention to this or any other geo- 
logical subject, and that neither fonuerly nor now lia\i I any ]n*etensi()ns to be 
called a geologist. T brought home with me a \ast eolJeetion of samples from 
every dyke 1 mot Avitli, each labelled with the dirt'ct ion, bre.idUi and leading feat in es 
of the dyke. J sent these in ]8i8orl8Jjy to the Geological Society, where they 
were seen by Mr. Homer and th<* then Secretary Mr. Ijonsdalo. 'These gentlemen, 
however, did not think them worth tho space they occujned, and as they deelini'd 
them, I caused them to bo thrown away, nor did J again trouble myself on tho 
subject, until some years afterwards I saw to my surprise my name mtuitioncd 
in a paper by Mr. Wynne as one of the pioneers in the geology of Jlombay. 

I am not sorry even now to find or make an opportunity of bringing under 
your notice as tho head of the Indian Survey a sketch of what 1 did in tho iield 
so many yoai's ago. You are necessarily aware of tho difficulties attendant upon 
field work in the Konkan, and will therefoi’c extend to my laboui’s that charity 
that I suspect they much require. 

I add a tracing of a map showing a few of tho cenfres of action, and most 
of tho dykes observed in tho Malsego or towards Kuluni. 
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Higoins, Pev. it. II. — On some Fossil Ferns in the Ihivenhead Collection, Free Public 
Mnseiun, Liverpool (1872), Svo, Liverpool. 
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Geological Notes hy C. L, Griesbach, F.G.S., Geological Survey of India, 

1. The mctamorpliic roclcs of the Himalayas. — It is not my intention to des- 
cribe liere in detail the rocks composing the Himalayas ; for this T may refer the 
reader to the pages of the Manual and the Memoirs. 1 will only state that I 
could not see any material difference oitlier in lithology or any other character 
between the metamorphics of the plains of India and those of the hills. Here 
as there wc have a great deal of gneissic rocks of a porphj’ritic structure, tra- 
versed by many veins of granites of various character, and in that, T may here 
mention, these rocks icminded me forcibly of the granitic gneiss of the Cape, 
with its large felspnr twin-crystals, to which ITochstetter has long ago drawn 
attention. Here as thcixj we haye folds of metamorphic schists of evojy litholo- 
gical variety, traversed hy liornhlendic dykes, probably old trap outbun- vs. And 
both in the Peninsula and the Himalayan chain, the average strike of the uieta- 
morphic rocks is somewhere from east to west, ^nd in that also these locks 
correspond with the metamorphics of South and Eastern Africa. 

When traversing the Southern Himalayas from south to north, two gneissic 
areas are met with, parallel to each other, and extending more or less along the 
whole known part of the mountain chain. The first line is in the lower moun- 
tains south of the main chain, and in the Kumaun section the Almora hill is a 
point in that line. Further north is the main gneissic area of the great southern 
or Indian snowy range, with Nandadevi, Trisul, Mana, and other giants' rising 
fair above 24,000 feet. Between and skirting these gneissic lines, a series of 
metamorphic schists fdm’' Most of the intermediate ground. In the Kumaun 
sections, they are found to dip north inside the first range (Naini Tal, etc.), 
and to pass with Bie iMmora ^eiss bd the Bages war limestones ; in this forma- ; 

tion the dip is rolling, bnee^ «o^th, then north again, and finally it appears tO ; 
.pass undet the second and ^at centml gneiss area, but in reality the strata form 
tbc latter a great fold, the upper pa;rt of which has been removed by denuda- 
On the other side of the gneissic area the schists re-appear again, inclining 
on the gnei^, aiwi finally dipping ^tow:^ slate formation, which I shall 

i' ijs^asit^'p'roVc to be not youngen^thstn 'C^tmanv^ 
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The featares may roughly be sketched 
as shown in the annexed section, in 
which"! have, of course, omitted all the 
numerous miuor folds and a few faults 
and dislocations which must of necessity 
occur where such enormous tension ex- 
isted. 

« 2. Fre- Silurian rocks of the Himalayas, 

g — Nearly all sections through the Hiraa- 
5 layas reveal on the northern slope and 
^ helow the fossiliferous Silurian series a 

n 

I formation which has often been noticed 
^ " and always been described as the “ Slate 
i I series.” The lowest member of it is 
I probably a greenish silky and semi-mota- 
g ^ morphic slate, seen near Milam to pass 
I into the schists below. But higher up it 
J I passes soon into a purple or dark blue 
. ^ quartzite in thick beds associated with 
■ S I beds of a peculiar jasper-like conglome- 
a I late, which in some sections forms the 

0 j lowest bed near the contact with the 
g I metanaorphics. Not a single trace of 

1 » fossils has been found in this group, 

•| -I which is veiy much contorted. It is 
& now crumpled up into a narrow strip, so 
B I that its thickness cannot even be guessed 
“ 5 at. 

•5 ^ Higher beds, consisting of silky green- 

I I ish slates, qua^zites, and lastly, of a 
J dense rod quartz-slate, seem at a few 
places to rest unconformably on the lower 
^ group, and everywhere dip below the 
I fossiliferous Lomr Silurian formation. 

St A few indistinct traces of Bivalves, 
and Pleurotomari^ ? Bellerophon? were 
j found in it* Thiw h very little doulit 
I as to classinj^ these last 

iroeks witli ' series else- 
whOT<^ their relation 

f . to the overjjmg s^ta, which by, 't^ 
fossil contents are abuii^Bntly 
belong to the Lomr 
The lower gi*oup of ebn- 

^glomerates may theni'lNl'jb^ 





OnesbiU'h : Geological iVofes* 




1'aht 2.] 


loss confoMoaablj mi flic underlyitipr inetamorpliio sonos, and shares ^^ith tfliio 
latter in the general folding and di^turlmnee^the str.ita. ^ 

In one or moi*e oi the folds of motamorpnic rooks sliown iii the section, fig I, 
1 found inclosed and folded into a narrow strip a mass of Jiiuestonos, caloareoiis 
( onglomerates and shales, here and there silicious, which at once reinii^'d me of 
the Cambnaus of the northern slope of the Himalayas I’liore the qoriglomerates 
consisted entirely of quartzites, the same as the cementing matrii^nd tornied 
with the latter a very liard jasper-like rock. Here the conglomerates are a hard 
gre^, silicions limestone, pebbles as well as matrix. I l>f*lie\e that tlie Thigeswar 
limestone really represents a limestone facies of the slate series or Cambn«Mn ; and 
in connection with the folding of tlie metamorphic series T consider tliom part 
oi the same marine development of the Cambrians, now severi*d from the strip 
north of the central fold by tho erosion of the upper arch of the anticlinal 

As indicated in thcsketcli section, fig. 1, I include the Naini Tal (Cheeim) 
Inucstoiie for tlie present in that old Cambrian formation Tliongh the rekitions 
ot this rock to the neighbouring teiiiaries and basaltic traps is not ejuite clear, 
it seems best for the present to class thorn with the Bageswav rocks, with which 
they have much in common. The Naini Tal beds seem to diji below the meta- 
mor[)liJcs, but iu reality rest above them and merely conform with them in a 
curve, which, as nearly all the larger ones in this section, ha\(' lost the upper arcli 
liy denudation, as shown in the above-mentioned section It i«- needless to state 
liere that tho JN^aini Tal limestone has been compared with the Kiol limestone of 
Simla. 


3. The Pre-SIhirian wclcs of the Peninmla . — In Central and Southern India 
there is found a formation, covering the metamorphics in jiatc^cs, and in some 
places overlaid by the Vindhian ’sandstones. Various are the stiala occupying 
this position between these two rock groups, though mostly siliciou«, here and 
there calcareous, with beds of conglomerates, and as yoi b(*l^e^ed to be wholly 
unfossiliferous. Last year whilst traversing the Vindhian range on the Sono 
river, I observed, a series of rocks, jasper-like conglomerates, (piartzites and 
gi'ey, ahnost crystalliuo limestones underlying tho lower Vindhian sandstone near 
Agori Khas, which afterwards I could not help but compare with the snnilar 
rocks of the Himalayas. Here as there they rest directly on the metamoiq^hic 
rocks. 

4. The Pahsozoio rocks of the Hmalayas ; Silurian to Carftow/jTero?/?.— ‘Hirftctly 
resting on the Cambrian slate series I found a group of rocks as follows ; — 


Mangifigi Lower TrhHi« 

(About) 350' Wbit^ with 

350' eriooi^ Uneofttoxie 
603' coral limeatoae »«• 
1,1 29' quartzite and slatei ... 
203' coral likuestoue 


Carboniferous 

Devonian? 

Upper Silurian 
Lower Silurian (CaraJoc) 


4 

3 

2 

1 


6»578' 


lying i Upper Cambrian. 
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r will not now enter into the description of this series, all the beds have 
proved rich in fossil contents, e^u'»nting gronp 3, which has only yielded a few 
oasts of Orthoceras and a few Corals, which may be either Devonian or Carboni- 
foroub. Most of the fossils have already been described by General Strachey, 
and Salter and Blanford. It is an xcninterrnpted series of beds, passing 

ont^ into file other almost imperceptibly, but bearing unmistakable fossil evi-' 
denco, the lowest bed of which, above the Cambrian slates, contains many of tbe 
Rnglisb Caradoc forms, and the uppermost member of which gronp of rocks 
(tho white quartzite) contains true Carboniferous brachiopods. 

5. Bicak hitween Carhwiferom and Trias , — The closo of the Carhoniterons 
series murks a great change in the Himalayan area. The next succeeding series 
of rocks resting on the Caiboniferous is the Trias, ushered in by its lowermost 
mcmbei, the Al}>jne Werfen heels, with all its chai’acteristic fossils. In some of 
the sections the contact of the two groups is apparently perfectly conformable, 
but the absence of the white quartzite in some sections, when the dark bituminous 
and micaceous Trias-base rests directly on the Red Crinoid limestone, besides tbe 
total absence of tho Permian group, clearly points to a tihange of conditions, 
which must have taken place, at least here, after the close of the Carboniferous 
epoeh. The explanation of this must be sought elsewhere. 

6. The PalcEozoir wcks of South Afiica , — Sometime ago I had the good for- 
tune to bo able to study three great cross-sections through South Africa and 
pait of a fourth, namely - 

(1) From Table Bay to the Great Karoo; 

(2) From Algoa Bay inland ; 

(3) From Port Natal to the Drakensberg ; and 

(4) About 200 miles up tbe Zambezi on the east coast , but this latter 

is made very complete by the help of the observations of the late 
Mr. R. Thornton, the geologist of the first Livingstone expe- 
dition, whose extensive journals were placed in my hands by the 
Royal Geographical Society. 

Bnt one of the best section!^, and also the earliest described, is the first,*— between 
the Table Bay and the Great Karoo, a distance of about ^40 miles. As this one 
illustrates all the features for comparison with oar Indian formations, I will select 
it for the purpose* 

Tbe Idwest rock seen is a gneissic and porphyritic granite, which forms the 
base of the Cape Table-mountain, of the Devils-peahi m/i Lions-rump* It is 
seen in several places along the section cropping Hfplriih ottometaimorpjUe rocks 
beneath a slate formation* cmimrng fossils. ' slate formation prohably 
represents all the lower pali^OSi^o rooks* l^he^great nUm it appears to 1>e of 
Devonian age, proved so by m abundant fossil yield* tt Is very probable that 
also the lower palseozoic formations are there represented, las BiOp|^tetier hse 
already hinted at,' and recent finds of fossils meiro this very 
whole is very much contoried and rolled up, evidently by a side preasum coming 

^ Dr. F. YOU Hoct^tettor ; Hslse FrSOidte Ifovara : Oaol tM&n 

« H. Wcedward : Qusr* Josa Wiot 18WI* W* 



PATIT 2,] 


Grtpshack : Geological yfoieff* 


S7 


from the south, — the general strike being about cast to west or nearly so. 
Devonian beds with almost the same fossil jfontenU arc found in the Falkland 
Islands, South America. ^ 

Quite unoonformable on it lie the so-called Table-mountain sandstones. I 
need scarcely say that, as the name implies, the stratification is almosl horizontal, 
sometimes quite so, thus forming a marked ph^^sical feature in the landscape. 
They are made up of red and brown gritty sandstones, of liard quartzites and 
partings of silicious shales. 

When I crossed the Viiidhians last year, I was at once, an<l forcibly, reminded 
of the South African tablelands, not only by the similar scai'ped outlines, but 
also by the similarity of lithological clianioter. 

A few thin seams of coal have boon found in the Table-mountain sandstone, 
and a few badly preserved traces of fossil ])lants, probably of Lepidodendron, 
pointing to a Carboniferous age and to fresh- water conditions. As ilochstelter 
has already pointed out long ago, the Table-mountain sandstone is enclosed 
between the Devonian foimation on one side and ihe lower Karoo beds on tho 
other; the latter are most likely of Triassic or Permian age, so therefore the ago 
of the Table-mountain sandstone becomes, as a matter of course, C^arboniferous. 

Tho close of the Carboniferous epoch marks a great change of conditions 
here. A steady pressure from the south, which before had already lifted tho 
Devonian deposits above the level of the sea before the deposition of tho sand- 
stones, resulted in crushing and faulting of jf>arts of the horizontal beds of tlie 
(Carboniferous, and a further rise of a fringing southern b(‘lt of tho Table-mountain 
sandstone, with a corresponding depression northwards, in which the first 
deposits of the Karoo series could bo laid. 

We see therefore that it is with the close of the Oarhouiferom that changes of 
condition begin, and an entirely new series of forms appear of a decidedly meso::oic 
type. There is a break, into which nothing will fit, but perhaps a widely extended 
boulder bed at tho base of the succeeding Karoo beds, and as yet found devoid 
of organic remains. 

7. The Indian Peninsula during the paleeos,oir epoeh^ — As noticed above, a 
series of rocks of a semi-meiamorphie character occupies in some parts of Central 
and Southern India the position between the metamorphics on one side and the 
Tindhian sandstone on the other. I’hese rocks have received many names and are 
described at length in our Memoirs. Since all are older ijhan the Vindhians, 
and in some respects analogous with the marine Cambrian deposits of the 
HimsUyas, I may class them together as representing the Cambrian series. 
With, tha‘Cam|>rians qf tbe Central Himalayas they have this strucfnral character 
m (kimmon, tlial thqy with the underlying metamorphics in all disiurbanoes 

which liate wMlatter Iboth in tlie hills and in the FoninsuK and that 

the succeeding in places at least, an unconformity. As I have 

$hW^ is a'^'lsninteMpted series ofniarinepalssozoic rocks to be found 

01 ^ slope of our Himalayas) not a single member of the marine series is 

meib with Wth of the central and it is fair to assume that the present 

oentmSl range marked the palifijpseio between land and ocean, or very 

nearly no* U my assumption is^oorreot the pre-Vindbian rocks are identical 
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with the Ofinihn'ans of tho Himalayan area, then it is also certain that the change 
of physical coTidilioris took place nea^ the close of that epoch, and this is proreii 
l)y tlie uiicnnformiiy whicJi marks th ' junction with the overlying rocks, in tho 
hills the Silurians. Now, assuming that tliis break after tho pve-Vindhian epoch 
corresj)oncls v\iih tlie one which occurs after the deposition of tho Cambrians in 
the hills, we further ]>erceive that on one side (Himtilayas) we have a great 
s(‘j’ies of marine paljcozoic rocks, w^hereas on tho other side (the Peninsula) only 
a mass of sandsionos, quartzites, and shales is found next in succession. Prom 
henceforth the ])hysical conditions of the peninsula are those of ferra finna, and 
it is heyond doubt that some of tlio sandstones may represent one or more 
memhers of the pala'ozoic series. Ft lias before been assumed that the Vindlnans 
may be Silurian, perhajis even jme- Silurian, but I argue that the Vindhian 
sandstones, &c., represent the whoh of the palaeozoic rocks up to the close of the 
Carboniferous, and that there w^as not a long continued break between the depo- 
sition of the last Vindhians aiul the lowest Condw^aua rocks. Ascending the 
scale of palojozoic rocks in the lulls we find an unbroken series until wo reach 
the close of the Carboniferous rocks, where we iintl a breali — Triassic rocks of 
Kuropean tjpe resting directly on Cai’boniferous. Some disturbances must have 
taken place to produce this break, ebanges of })hysical conditions which must 
have aflected the Indian Peninsula. Now, if wo search for the signs of these 
changes south of the central range, we notice the first uneonfoi*mity, the first 
bleak between the Vindhians and the Talehirs. Tliere is thcrefoi*e good evidence 
that the former arc simply the freshw’'ater facies of the whole of the palepozoio 
series and that the Upper Vindhians represent the Carboniferous formation. 
And indeed this is likely enough if we compare this group with tho similar 
Table-mountain sandstone of the Cape; those two groups not only resemble 
each other in jietrological characters, but occupy ’relatively the same geological 
position. 

8. The mesozoic formations in the Himalayas,— On the Carboniferous in the 
Kumaun sections, and on older rocks olsew^here probably, we find the mesozoic 
series ushered in by beds corresponding to the Bunter*SaBdBtein of Europe, or 
more correctly to the Werfim beds of the Alps. I was able to distinguish the 
following gi'oups of the Trias and Rha'tic* : — 


Awtula 

\ Lithodendrondimratoiui {Megalodon iriqueter) with Bevml partings 
Rh 0 tie of fo<tsi1iferotis beds, probable representatives of the lower Kbsson 
behsof the Alps ... ... ... ^ ... ... 

^ Dolomites with partings of Litbodendron-Umestone *0 

• Brown limestones with greenish shales *•« 

Offeenish shales ... ... «.* . 

^ Black limestones, with spllBtei 7 shales ... ... 

Trias ... J Grey limestones »*• ^ ta« ««• 

1 Limestone, earthy lit «*, 

"• 


wy 

leo' 

488 ' 

60 ' 

8 ' 

184 ' 


2 , 218 ' 


1 . 86 ^ 


' For a more detailed descidption aad eeiKri^at&on of the Triastlic and Kbmtic series, 1 refer to 
the roinpamon paper in this namher ef i^ePeeonle ** JPttkfMtolcfficftl notes on ifAe hnpff i^as 
of iht Mmahyasy 
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The topmost bed of the Ehcetic passes into a thin bed (whicli is wanting in 
some sections) containing already Liassic ^rms, but after that a break occni s. 
Not a single member of the lower Oolite m found, the only representative of ilie 
Oolite (the well-known Spiti shales) contains forms of the upper-middle Oolite. 
The uppe? Jurassic beds arc quite unfossiliferous dark shales. On them u^st 
cretaceous shales (olive shales of the Punjab ?) and quartz sandstones 

capped bjr a white limestone with many cretaceous fossils (Stoliczka’s Chikkiiii 
limestone) . 

9. The rmsozoic groups of the Peninsula . — As already explained in the above 
notes, we meet with the first great break of deposil/S of the Peninsula between 
the upper Vindhians and the lowest Gondwiina rocks, a break which 1 have 
tried to demonstrate must represent the break which is found between tlie 
Carboniferous and the Trias groups of the Himalayan area, and wliich therefore 
falls into the Permian cpocli, an epoch which, both in Europe and North-Western 
Asia, represents a passage between the Paleeozoic and Mesozoic ty})es of life. 

We know that great changes of land and water took place in the Australian 
region during Carboniferous times, and partly continued dun'ng the following 
periods. Into that epoch fall the deposits of the lower group of beds containing 
many plants of carboniferous aspect, described by Dr. O. FeistmanteP and 
associated with forms again met with in the shales and silty bods of Ihe Talcbirs 
and Karharbari group, figured and described by the same author. We must 
assume a disturbance of some continuation and magnitude to explain botli the 
unconformity of the Talchirs on Vindhian and tJio Tnas on Carboniferous series 
in India ; accompanied as it is by an influx of forms belonging to the uppei* 
Carboniferous of Australia, it is only fair to assume that a pressure was exerted 
towards India from the south-e^t, causing a successive “ landwave^* to transmit 
eastern forms of terrestrial life, to travel west and perhaps northward — to India 
and China. * 

I believe the direction of this great landwave to, have been nearly at right 
angles with the line, of strike of the older north-east wave, which caused the 
distribution of land and water to change during palooozoic times, traces of which 
are found in the post-Cambrian both in the Himalayas and the Peninsula. 

We see the existence of these two waves clearly exemplified in the present 
shape of the Peninsula not loss than in the long folds of the Himalayas, 
extending in a north-west to south-east direction across Asia> forming a series of 
parallel ri^nges of great elevation, and also in the more or less latitudinal strike 
of the folds of older roefcs of the Peninsula of India and of South Africa, the 
great river yaUeys, ut wHoh two areas indicate this direction by their course* 
These Ipialffipzpic by folds (accompanied by local dislocations), ^ 

rtiiiplug (U^ly) direction across the 'ranges, now deepened 'by^^^^, 

i)ie ;erc!ding %enoii^ of have shaped the beds pf ? 

tl^e into dome-shaped masses, like so many enorinou/^ 

ranges of 'the Central Him^ayiSS, 
Nc^'i^Ss ir%'';|emonstrated^.^^ composition of the"Bumi^e 

1« iS^Uieotttpgrapliioa, 
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fliaiii r)l lulls, we find Triassie marine beds immedmtely in rear of the 

udvanViii^ “ Ifindwave", which lifoiight mesozoic formh of life to India from 
Aust)‘}ilia. '»» 

It IS at least probable that the latc'v Carboniferous forms wandered westwards 
from Australia during IVrmian times and reached Jiidia in that ep<K*h ; in ihcxMde 
basin-shaped folds of the cj*^stfil lines and oldest palaeozoic rooks of the peninsula 
great iiilaiul lakes wore depositing material for ages during the whole of the 
middle and elos(* ot the ])aheo/oie times. The same conditions but on an altered 
surface, still during the Permian times, for we see 

the oldest d(*i)osils of tlie incoming ])eriod deposited in wide and apparently 0 ]>en 
basins,- -side b> side with the basms of the jialwozoie e])Ochs. During tlie enor- 
mous pi'riods ol till* Triassu* and Rlnrtie times, when huge deposits of marino 
beds took ])laee in the northern or Jliinahi^an region, 1 lie aamc south-eastern 
pressnri' continn(‘d more or less, with tlie result of still more (dcvatiiig and di‘<nn- 
ing the peninsula, convcM’tmt; the hike-hashis into great river valle}s, at the same 
time depressing th(‘ (Vmtral Asian triassicsea, thus uniting the European (Alpine) 
with the Armenian Elinor, (^lucasus) with the l^orthern (Siberia) 

and Southern (Himalayan) basins, the deposits of which all show tho most 
wonderful similarity of animal hie which must have existed in those times. 

AnotluT link in tin* chain ol evidences in this direction is tlie continuity of 
l\l<*soz<»ic /r(‘sliwatcr deposits of South and Central .Africa, wliere we find the 
extensive Karoo series fiom tin* bottom boulder-beds (— Talchirs) to the topping 
sandstones of the Drakimslxu'g nioniitains as nearly tlie same series, and con- 
taining similar apoeies of lossil plants and tciTOstrial animals, as onr owm Gond- 
wtiTiRs. »Such an extensile lise of land may wx*ll correspond to a widespread 
triassic ocean evtcnding over tlu' north-xvestern luilf of Asia and a great pai*t of 
KuroiK‘ 

After the dcjiositiou of the youngest members of the Tlha'lic or lower Lias, a 
change in the outline ot the great soutln rn continent takes place. Part of tho 
]ircsent Indian ocean w^ns ionned, and tho sea encroached along llu^ western 
margin of the present ])cninsuln, thus enabling tho fliiviatile deposits of tho 
upjier Gondwanas to mingh' \vitli tlie iij^per Jurassics of Ciitoh, Similar changes 
took place along the bouthern coast of Africa, vide the JurassicB of Uitonhage. 
Probably the great island of Madagascar is a standing monument of the formcT 
extent of the triaesic continent ot Gondw-jina- Karoo type. Extensive bandstonc 
deposits fringing the crystalline ccnti'c are described to occur in tho island. 

Indeed, the partial disturbance of post-Ljasbic times corresponds with the 
reported overlap of the upper Gondwdnas (Mahadevas) over the older Gond- 
wanaB, and also with tho aWnoo in the Central Himalayan aroa of the Lower 
Oolite; on the lowest Liassio bods (which possibly belong l^ally to tho upper 
Ehaitics) follow immediately tho Bniti shales of upper-middle Oolitic ago. 

10. The tower In the tmHnc ami in the contincfUal Long ago 

atitenlipn was directed to tjie Triassic deposits of the Alps by tho excellent works 
of the Austrian geologisls, being remarkable as containing a singtilar adi£iixtui*e 
of Pida‘<)zoic forms of life tvith Me^iozoic types* This is especially tho case in tho 
oldest Trias bods, — ^in the so-dallod Worfen bt^ds, which lately have beon divided 



PART 


Gr 'tt^fibach : Geoloyloal 


yi 


ngain into two sub>groups, both of which 1 rorognizod in the Tliinalnya^. 
Tbeso base beds really represent the Bun tsand stein of extra-alpine areas, but 
have a wide extent, being now known over w great pai*t of Armenia, the Caucasus, 
probably Siberia, and certainly the Tibetan area. In a ]>aper in this number 
of the Becords I give short descriptions of a f(‘w now forms of Ooplialopods 
from this bed, along with a fragmentary notice of its fossil contents generally. 
Besides all the principal fossils characteristic of the WeiTen beds of tlio Eustern 
Alps, I found associated with fhera numerous parent forms of Ammonite genera, 
later on developed in the Trias, and also an undonbtc*<l Pj’oductiis, wln‘<*J] most 
resembles the Proibidua JntiroatrntuSy Howse, of tlio Permian. It is therefore a 
bed containing ah admixture of palaeozoic forms with younercr types, but tlio 
Ultimate relation with the overlying Trias and ftha'tie is well jmoved by the 
constant appearance of these variegated shales and limestones at the base of the 
Muschclkalk, overlapping in succession the vaiaous beds composing the Car- 
boniferous formation. 

Turning to tlic Peninsula, we find in like manner the bnso-roek of the Gond- 
wanas, represented by the Talcliirs with Karharbari beds, containing (according 
to Dr. Feistmantel, who was the first who drew attention to this fact), besides tlio 
forms later on so common in the Gondw^nas, species closely allied to, if not. 
identical with, the younger Cfirboniferous plants of Australia. If it is at all 
possible to compare marine beds with fresh water deposits, then surely the com- 
])arison between the ‘‘Wcrfim beds” of the Himalayas with the Tahdiir-Karhar- 
bai'i bods afford many points of analogy : both are tlio first dejjosits wliicii ,tako 
place after the readjustment of pJiysical conditions in posipala)ozoic tiiiics, and 
both contain a mixture of younger paloDozoic and of triassie typos of forms. T 
have, therefore, referred both these groups to the same parallel in the annexed 
table. 

11. The Tertiary series of the Tibetan TfmaJaya ^. — Tho cretaceous limestones 
mostly occupy tho last range of hills, forming as if wore a rim around tlio vast 
high plateau of Tibet ; beyond is a wide expanse of Tertiary rocks, beyond 
which appears again tho meaozois section, I only examined the scries as far as 
tho Sutlej, which river flows through tipper Tertiary deposits. 

Loaning against the cretaceous series of tho Tibetan passes, 1 found white and 
red limestones, with a few indistinct traces and sections of Nnmmulitos, the whole 
traversed by cnonuons dykes of a basaltic trap, which has completely altered the 
rocks into a kind of semi-metamoTphic mass, in some parts resembiing'a por- 
phyiy. Stoliezka has described the same occurrence in the north-western 
Himalayas* 

Next follow pepp^r-'and^salt coloured sandstones and grits of molasse appoar- 
ance^ which in all probSibility represent some member of the southoin Siwalik 
belt. But only here and there the highly inclined lower Tortiaries are seen in 
the lower river valleys, the whole being covered up by tho younger gravels and 
sands whiolj^ spread in horizontal bods and widely extended terraces over the 
great Sutlej valley. 1 may here mention that in this latter deposit near tlongpa 
I found fragments of mammalian hones» which makes it tolorahly oertain that the 
former finds of bones (Straohey) derived from the same source* 
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II is, clear that tliore was a break and change r)f physical conditions ; 

J.s/, afler Die deposit ion of the Rh<y‘tie; 2nd, after the close of the Nnnunulitic 
cpo(di 

12. The Indian Peninsvla during the crefaceom mid tertiary epoch^a, The 
“ br('akini< down ” in shoals of the Indian ocean must have continued for a long 
period; at least the paiches of Jurassics and later on of cretaceous bods which 
penetrated far into ili<» northci'ii half of the Peninsula go far to prove great 
Huctiiations during th(»sc limes. The presence of remains of a marine cretaceous 
formation in tlie -.outh-east of the Peninsula and narrow strips of similar rocks 
in the Khasia hills, t.iken in connection with such formation in the Punjab, 
clearly demonstrahs the cxistciicc of bays to have existed east and west of the 
Pcniiisul.i dunng those (‘poehs. Tt was then that the enormous and long con- 
tinued pressure coming from the south and now coming from two directions, 
s(pi(‘ezing as it were the triangular Peninsula forwards and northwards, resulied 
in the gicat dislocations of the Himalayan area, which were afterwards developed 
and \\id(‘ned. The pnssure coming from both sides, cast and west, resulted no 
doubt in the ])()w-slia)H d outline of the mountain ranges with its convexity near 
the ('(rntre and direejed soutli wards, at the same time dislocating and shattering 
paH of the w(‘st('rn Iniiiis and thus forming tlie foundation stones to the later 
lormed Salt-range and neiglibounng lulls, — west and south-west of the present 
strike of lliinaJayan hill-ranges. Sinmlianeously with this great tension, 
igneous rocks were [Uisliod up in the dislocations formed ; wo find such examples 
in the Silhet Jurassic tra]), in the admixture of irappenn matter in the Olive- 
shales of the Salt-range, and the similar trapiican-like cretaceous shales and rocks 
of Tibet. 

h. The tension must hav'o continued long after the close of the cretaceous 
epoch and during the dejiosition of the teriiaries, duringwhicli time tlie enormous 
dislocations ha\e fornuHl along the Southera Alps, — the west coasts of the 
Aponnino chains, and hem along the greater part of the southern limits of the 
Himalayas, and lastly along or parallel to the west coast (or somow'hore near it), 
of India, — probably the opening through which the great basaltic flows found an 
exit, which, both in India and Africa, Arabia and the intervening ocean, play 
such an important part. Similar to ilio Mediterranean dislocation, the Indian 
one is also still the seat of volcanic agency. 

It is probable jfchat during the early tertiary times the present Himalayan area 
consisted* of a series of long islands, not unlike the lines pf islands now seen in 
the eastern Archipelago, between which the Numnmlitics wore deposited ; 1 
believe this feature was really owing to a partial breaking down of the area. 
The basaltic traps which we find in the tertiaries of both sides of the Indian 
Himalayan axis are mot with along the strike of the dislocations. 

Tn the following table I have eiwleavoured to render the oomparison of rocks 
as above demonstrated 
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I’ALAONJOLOGICAL NOIES ON IHE LOWEB TBIAS OE THE HIMALAYAS, hy 0. L. 

Gkiesbach, F. G. b., Geological Survey of hidia* 

Majoi’i-General R. Strachcy, R.E., C.S.I., was the first to notice and describe^ 
feome of the grand sections tlirongli the Himalayas, and to draw attention to the 
exisic*nce in these snowy regions of triassio strata closely allied (as E. Suess 
lias first shown)'-^ to the Tiias of the Eastern or Austrian AlpSk As it has 
been my good fortune to have l>een sent to these lofty regions, I must here 
acknowledge the debt we owe to tlie learned General for having furnished such an 
excellent basis for fui'ther rescareh in the most interesting region of the globe. 

Having mapped the snowy ranges between the valleys of the Dhauii 
Ganga and Gori Ganga (Niii and Milam), I was able to collect a considerable 
material for description, but I must defer the detailed report on these noble 
sections, with maps, until after tJie next field season, when 1 hope to extend the 
survey to the frontiers of Nepal, 

The great anticlinal fold of porphyritic gneiss with granite, termed by 
Ktoliezka “ Central gneiss*’ (by way of comparison with the so called “ Central 
gneiss” of ihe Alps, a definition which has been given up long ago), is conform- 
ably overlaid by vaiious met amorphic schists^ and these again by the Paloi- 
ozoic and following formations, a bnef description of which I have given in tlie 
companion jjaper in this number of the Records. I will therefore only mention 
that on the eroded surface of the carboniferous rises the huge mass of the tri- 
usbic and itliODtic strata. The Tthmtic beds form high, nearly perpendicular cliffs 
witli au undercliif of older rocks, comprising tlie whole Trias from the Alpine 
Werfen beds (Bnntsandsteiii) to the Upper Keuper rocks, all of which are well 
shown in the natural profile of Plate IV ; the p i oportions of thicknesses and the 
outlines of the cliff arc absolut(*ly correct, being drawn with the aid of a camera 
lucida, from an ojipositc height, about in a hoiizontal plain with the junction of 
the Rhsetic and Trias. < 

In the following list I give a detailed enumeration of the beds composing 
both the llhsDtic and the Trias, with their probable correlations : — ‘ 


UjiiXT tlolite (Spiti sliilcit). 

bias ... X* block shales and* dark earthy Ibnestoua with 
, ^ ' ooUlie structure, couiamln^ 

hesombies " the Mslemnite^ 

(jlrestitmerbcdsof „ „ 

tb6 Eastern Alps. „ sp. 

anaw/a/as, Mow, var. 


TtttOXNSBS. 
hX In. 

13 0 


f^ow. 

, TihlussitH Qu. 

up'. 


^ Quart- Jour, OooJ, VA p. 3 d 3 . 
3 VerlL Geol. 


Total 


5 VerlL Geol. Kelcheattat. ^ V ^ 

» Text lUuetrAtloi)^ ^ Ihii htimber of ihe 


0 
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Rbcetic 

Bepresenta tbo 
Starheinberg f&- 
cies of Kdsaon 
beds of tbe Alps. 


Hauptlitbodeu- 
diou -limestone 
of ^uess : 

>viili Kobb6u 
beds in follow- 
ing. 


1. 6irej orinoid limestone, very baid, weatlicring 

brown, thiGk*bodded, wiUi intercalated sbales, 
full of fossils, and in many places made up en- 
tirely of them. Coutatning a mixture of true 
Kbmtie and Liasbic forms : 

Fecten hifl ons, Salt. 

„ mayerit Wmkl. (var.) 

,, lens. Sow. 

„ comeuh, Qldfss. (non Sow.) 

„ eornaitts, Mun. 

„ valomennis, Dcfr. 

QervilUu tnjlala, Scbfl. 

FlayioUoma Jierrmanni, Qu. 

giganipum, Qu. 

Fholadomya roemeri, Ag. 

Myophona cardtsioides, Scbl. 

Caxiium rhtPiieam, Mor. 

Terehralula fioria, Sbs. 

Fhynrhonel/ajlssicoilatic, Sss 

2. Qiey Litkodendron limestone bhewing sections of 
small sbcllb on weatUeied buifaccs ... 

3. Grey limcbtoiic with fossils as bed 1, and Litko- 
dendton 

4. Dark grey sandstone like orinoid liuu stone with 

innnerov^i nubile ealcMpar vonis 

5. Uneven fibaly bi ds similar to (1) 

6. Dark grey criiiold linu'stouc alti^niiiling with 

sbaly beds 

7. Grey mabslve ciinoid limestone 

6. Sandbtone-liko limcstoiio, f uKe-bi dd<‘d, hdo and 
there sbaly 

9. Dark breoeintod bniestom* %\itb crinoids ... 

10. Very hard grey orinoid bmestoue witk XiModoir- 
dron ... 

IXt Flaggy bods of crinoid Umestonc 

12. Drcccinted bed, made up of uupular i>uh.*(*s of dark 

limestone with a few rounded pebbles ; thins 
out rapidly 

13. Crinoid limestone, locally as (12) 

14. Dark orinoid llimestone in irregular beds with 

White calcspar velws 

15. Gri^ dolondtio Umosione in beds of about 1^" 

with papery shales ... 

X8« Dark sandstone-like crinoid limestone, top 
bodsi shaly towards base, in thick masses 
17. Dark flaggy limestone (unfobsiliferons) in 
be4a of kkout to with shaly partings 

IS. Brovb shsly sandstone thinning out 

19. Flaggy limestone^ vertioally jointed 

20. Dneveu simdato^o W 

21. Grey calcareous san^tono /with thin shaly 

22. Grey limestone^/ ' partings. 

28. Grey ca^mifli ^ 


TifrcjTNbua. 

Ft. lu. 


13 


0 (5 

3 0 


17 0 

17 0 

2 0 

1 a 

5 6 

2 3 


0 8 

3 0 

13 


26 


7 0 

0 6 

0 S 

0 0 

0 0 

0 
0 
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21. 

Urey limes tone flags with shaly partings 

TniCKirsss. 

Ft In. 

2 0 

25. 

„ friable shales 

0 

6 

26. 

,, limestone 

0 

9 

27. 

Priublo grey iicedle-slia Ics 

0 

2 

28. 

Grey limestone in massive bods with u few thin 
partings of shales 

7 

0 

29. 

Dark grey n( ( dle-shah's, thin out and pass into 
limestone 

1 

2 

30. 

Thin flaggy Uniestone beds 

0 

6 

31. 

Doloinitic limostoue 

0 

8 

32. 

Shaly limestone 

2 

4 

33. 

Crinoid limestone uith some fossils (Kossen t^ pe) 

1 

0 

34. 

Sandy shales 

1 

8 

35. 

Oiinoid limestone 

0 

.5 

36 

Papery sand> shales 

0 

2 

37 

Brown caUareons sandstone (fossils) 

0 

7 

38. 

Crinoid limestone 

6 

1 

39. 

Shaly „ 

1 

2 

40. 

„ and pa 1 ) 01 ^ enleareoiis beds 

I 

3 

41. 

Grey limestone 

0 

3 

42. 

Stiiidy sbal( s . 

0 


43 

Oiiiioid limestone 

1 

0 

41. 

l*ai)er> calcareous slinles ., 

0 

21 

15. 

Sandstone slialos 

0 

5 

46. 

8ba1} crinoid limestone 

0 

8 

47. 

„ and flaggy crinoid limestone 

2 

0 

48 

Clrcj culcareous sandstone 

0 

1 

49. 

SlialcB 

0 

2 

50. 

Grey crinoid limestone ... 

0 

7 

61. 

Sandy shales , ... * 

0 

6 

62. 

Papery marl,> shales ... 

0 

10 

63. 

Grey limestone with slialj partings ... 

0 

104 

61 

Friable Iwncst one shales .. 

1 

0 

55. 

Marly bed .. ... ... 

0 

8 

50. 

li regular bed of grey limestone; thins out ... 

1 

3 

57. 

FUgu^ limostoTie with shales 

6 

9 

58. 

Grey crinoid limestone with BcUninites 

0 

5 

69. 

Limestone flags with iriahle sbaloB ... 

4 

0 

60. 

Crinoid limestone with Peeten h^frons^ Salt 

1 

4 

r>u 

Limestone flags and shak^ 

2 

4 

62. 

Shaly calcareous sandstone ... .i 

2 

9 

63. 

Criuoid limestone with a shaly parting 

X 

0 

64. 

„ tt with Peeten bifronSi Salt 

3 

0 

63. 

Dark limcatone alternating with shkly oHnoid had* 

4 

0 

06. 

„ gray limestone, doiomltie, with shaly Jpattlngs 

35 

0 

67. 

„ fossiU{ori>ns crinoid llmoetono in massive 
beds ... 

45 

0 

Dudwtwn > earthy Umeetotie fall of MyaoUes sp. 

7 

0 

60. 

Hard limt^tono h«da» oontaining many fossils, and 
on the wOAthored surfaces showing sections of 
large sp. 

66 

0 
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»7 


70. Hurd crinoid limestone in thicker beds 

71. Dolomitic limestone 


Hfluptdolomit . , 


Plntionknlk 
of 0 umbel. 


72. „ „ in floppy beds ... 

73. Massive prey dolomite, towards base rnilior floppy 

74. „ dolomiie, with scarcely any beddinp 

76. As (74), but with pnrtinps of orinoid limestone .. 

76. Dolomite in beds of about 4 feet tbiekness towards 

baso, reddish, and containing Ltthodendron ... 

77. Dark concretionary limestone with reddish purple 

cellular llauchwacki^ apia^aranec here and there, 
in b(‘ds of 6 inclK*s to 1 foot 

78. Crinoid limestone in thicker beds 

79. Dark dolomites in inassive beds, the contact sur- 

faces knitted together (rosemhling sufuies, in 
. the outcroj)) 

80. Dolomites and limestone beds witli “knitted” 

contact .surfaces as (79), full of Lifltodendron, 
and uith a few ahaly partings 
81 Massi\e beds of dark blue limestone ami dolomite 
alternating uith flaggy btds of limestone; the 
latter form about 12 feet of the upper part. 
Some masses of it of dark purple eolour with 
crinoid sections 

82. Dark dolomites with c.nlespnr veins 

83. „ „ flaggy heilh and partings of 


shaly saiidhtone 

84. Dark liaid eoiicretioiiary limestone idteriiutiiig 

with dolomitic beds 

85. Grey and rcchlish dolomites in perfectly inncces- 

sihlo cliffs, about 


Tni< KNi 
Ft In, 

7 6 

6 0 

3 6 

46 0 

135 0 

223 0 

98 0 


5 0 

11 0 


100 0 


18 1 » 


50 0 

117 0 

211 0 

71 0 

700 0 


... 2,200 7i 


As I ilitcnd to give hero only a short description of the lowest menibcrs of tin* 
Trias, I will only say so ranch, that in the innin the above Jlbtt‘tio,^eetioii cor- 
responds exactly with the typical sections of that formation in the Austrian Alps, 
namely, we have hero in descending order:— 

1* Lithodendron-limestone, interbedded with limestone containing fossils belonging to the 
Alpine KOssen bods, which have beon grouped into four horizons by Suossi-i^llttuptlitho- 
dendronkalk with Kdssen beds. 

2. Thick-bedded Umestonsa, hero and there dolomitic, still with LitUodendrons hero and 

there, and beds With Mega1odon=:Oachstoinkalk. 

3. Great developtinent of dolomites and flaggy limoBtoiiesssHanptdolomit with QumbeVs 

Plattenkalk. ^ 

The undercliff consists of a series of beds which represent the whole of tho 
marine Trias beds of the Eastern ^^Ips. The sorios rests on tlie dcnudei} and 
mgged carboniferous quartzites, which again form a steep cliff falling almost 
vertically down to the base of the valley* 
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fvor. \ITT. 


Tlio (lofailod section of it is as follows : — 


Uppee Trias. TnioKNESs. 

Ft. In. 

Alps : ... 22. Compact brown (liver-colourecl) limestone, with 

Cpponifzor bods. rough contact surfaces ; beds nearly of equal 

thickness, about 12 inches, and hero and there 
so])n rated by groomsh-groy shales. Numerous 
bivalves, closely allied to ... ... 162 

Corhis nuUingi^ Hau. var. 

21 . Liver-coloured brown limestone, alternating with 

greyish -green shales, containing . ... 29 


Corh^ melhngiy ITau. var. 

Oyfhocpra^t sp. 

20. lilnrlh;v limesfone with slinly partings 

10. Sillily limestone with earthy shales alternating ... 

Alps . Spiriftr Stol. var. 

Lunrer and Pari- 18. Shaly linn stone and shales with hard eonere- 
nnoh hods. tionnr> limes! one 

17 fireenish-grey shales 
1 (). Limestone with chert nodules 
15. Fliigg.V liuKsioiie 

11. Friable grecnisb-grey shales, weatbering brown, 

willi flaggy limestone alternating 

12. Marly friable shales 

Alps. .. 12. Hard grey limestone 

Hullslndt beds. IL Hard grey limestone, weatbering brown, rather 
fiilioious, containing nodules of nbile eonere- 
tions wiili fossils : 

Opifi (flohnia, Dtm. 

Acrochordiocra^ spinr^ren,% Hau.^ 

Tropifes rhrlicJn, ITau. 

var. Feisfmanieli^ ii. sp. 

Balaionifes liimalayanus^ Hlfd. 

Alps : ... 10. Grey oarlhy limestone beds, with marly and shaly 

St. OasBian. partings, weatherb brown. 

9. Same as (IjO) with 


Alps : 

St* CattBiflR. 


JSjnriffera, sp. 

0, 10, and 11, total 

8. Greyish-green micaceous shales a few plant im- 
pressions ... ... 

7. Shaly grey earthy limestone ... 

6. Dark splintery limestone flags with dolomitic beds 
and veiy scarce partings of black shales 

5« Black limestone beds in flags of about 6 inches 
thickoesfi which fonn groups of about 8 feet 
thickness, alternating with the same thickness 
of black aph'ntopy elmle^i with 
a species of the gi*onp of the 
Afnaltheida 

Jffahhia raresiriataf Mojs, 

Daonella Mojs, 

» •P* 


228 

30 


22 

4 

1 


31 

5 

4 


275 

160 

88 

78 


152 


0 

0 


0 

6 

if 

0 

0 

0 

0 


0 

0 
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Alpft . 

'VVeiigon bods. 


: ... 

Ibirhoiibioin beds. 


4. Doloniliic limostonos iu more mussivc bi'ds, with 
few sbsly partingF: 

... 8. Sbalj limestone with — 

Daonella, &]>. 

Sp'mfer lUangmsiSt Siol. vnr. 
a. Thick -beddod shaly limestone with tviicos of f<)s- 
flils, mostly Aminomtes 

... 1. Phick Umcstoiic flapfs of about 12 inches thick ness, 

I. each altornutiiig with black splintery shales 

of same thickness 


VTRar.OBTA. 

LlMEbTOKS. 


1. WsBPxir BxnsJ 


Lower Tnj\fl. 

r b. Peifliii^ limestone 122. Very hard j^rey eonerctionary Ume- 
(Alps). stone iu massive beds ^ith ‘.iibor- 

dhinte pavtiiif>s of dark shales con- 
iaiiiiiipf many fo.ssiU very dilKenlt 
extract : about 

f>W//orm/9 (luhiHU), Han. 

Vrao7ti/ceras roith 0pp. 

„ fkuitlcrtf Opj), 

„ sp. 

Arrf'sltJf diffii^anSt TIau. 

Pfi/r7nf<'S gemrdff Plfd. 

ViHaooceraa Jlondum, >V’^ulf» 

JW/aif 8p. 

Mtfoeonchat sp. 

Ph ni*ofoma slerilis, Stol. 
lirp/iltan honn. 

a, Reconro-liinofctouc iSl. Earthy grey limestone, towards base 
(Alps), somewhat shaly : 

Rfitfnchon( 11 a S( m iplvcta^ ^ 

Mtii., var. / in great 
„ Kalferiiinaf L numbers, 
jstoi. y 

' b. Campiler beds 120. Hard grt'y splintery limestone 

(Alps). liy. Dark friable ehiysbales, weathering 

variegated 
118. Limestone .. 

117. Limobtouo with shaly partings , 
116. Limestoiio ... 

115. Simlos 
114. Limestone ... 

. 118. Shales niternatiug with 12 thin beds 

of Umestone ... 

112. Limestone 
Jll. Shales ... 

IIQ. Limestone ... .., 

109. Shales with limestone partings 
IQS. Llmostone •»* 
107. Hhales, alternating with lllimestone 
partinilpi ... ... ... 


0 



100 

Itecords of iht Geological Surveg of India* [vOl. xiii. 

f 

1 

lOG. LimoKlono ... 

TmoiKiBs, 
Ft, In. 

0 8 

! 

105. Shales 

0 

10 


101. Liinehtone . 

0 

6 


103. Shfilo*^ with 5 liinesitonc partings .•« 

0 

a 


102. Lhncsluno ... 

0 

5 

1 

101. Shales 

0 

7 

1 

100, LunoRtono... 

0 

Ik 

1 

99. Shales 

0 

6 

, 

98. LiniC'^tonc ... ... ... 

0 

7 

1 

97. Shales and limestone jairtings 

1 

3 

1 

96. Taimstoiie .. 

0 

8 

1 

95. Shales 

0 

7 

1 

91. Limestone ... 

0 

1 

1 

1 

93. Shales 

0 

7 

1 

92. Ltnioslone . . 

0 

9 

I 

91. Shale with 10 liniestono partings ... 

1 

4 

1 

1 

00. LiincE<toiie . . 

0 

7 

1 

Salt-range • 89, Shales and limestone pnrtiiigs 

0 

10 

1 

Zone of N ylanulaim. Ironies pfanulafuxy lleKon. 

DeKon. 88 Limestone . 

0 

6 

1 

87. Shales with limestone parting 

0 

1 


86. Limestone... 

0 

3 


85. Shales with 2 limestone partings . 

0 

8 


81. Limestone . 

0 

5 


83. Shalc-i 

0 

3 

J. WSIIFISN BPDP. , 

82 Limeptonc with one shaly parting 

0 

4 

^confd. 

81. Shales with two hm(‘stoiie partinga 

0 

6 


80 Limestone , 

0 

8 


MonophjllUes u'ettoni, 0pp. 
79, Shales ... ... ... 

0 

5 


78 Limestone... . . 

0 

6 


, 77. Limestone wdth three shaly partings 

0 

6 


1 76. Limestone, 

0 

6 


76, Limestones with 17 alialy partings 

1 

7 


74. Mmles 

0 

2 


• 73. Limestone 

0 

C 


72, Shales 

0 

i 


71. Limestone 

0 

2 


Salt-range*: zone of 70. Shales ivith ... 

0 

IS 


Ophicenit It/eUia" Oj>Mceras Hheticum, n.s. 

nwn, DeKon, 69, Limestone .. 

0 

J 


68, Shales „. ... ... 

0 

2 


67. Limestone ... *** 

0 

1 


66. Shnlen ... 

0 

1 


66. Limestono... 

0 

1 


6L Shales 

0 

\ 


1 M 63. Limestone 

0 

4 


62, Shales ... 

0 

L 

i 

> 

61. Limestone ... m< 

^ 0 

1 


60. Shales 

0 

2 


» 69. Limestono »*, 

0 

3 


68. Limestone with 0 flhivly iwHinfiW ni 

0 

6 
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]t. ‘WBUPKN BEDS. ^ 




TniCKWFCB. 
Ft. In, 

S7. Lunesfono ... 

0 

2 

56. Slialy liinostono ... 

0 

n 

55. Shales 

0 

J 

51. Liiuofitouc' with 2 shnlj partings 

0 

5 

53. Limestouo with shtilos , . 

0 

3 

52 Limchtoue ... 

0 

5 

51. Shnh^H 

0 

t 

i 

50. Limestone ... 

0 

1 

40 -SlmloH iiiul litni ^tono 

0 


48. Shnh's . , 

0 

on 

*•2. 

47. Lhmsloin* 

0 

3 

to. Shales 

0 

o 

4.5 Liiiu**»toiie .. 

0 

o 

i t. Shnies , 

0 

1 

43. Liim'btouc 

0 

,3 

12. ShtiloB with ii thin hud of linustono 

0 

5 

<1. Liinobtone with 9 hliiily purtiiiyfs 

1 

3 

40, Idmebtone ... 

0 

1 

39. Liuiesiono ... 

0 

.3 

3S, LimcfctoiiG with 11 sholy partings 

1 

3 

37. Limostouo 

0 

2i 

36. Shales 

0 

2 

35. Limestone with shaly'pariings 

0 

3^ 

31. tShnIes ... ... 

0 

1 

33. Liinubioue with 3 slinly partings 

0 

5 

32. Shales 

0 

2 

81. Limestone 

0 

2 

30. Shales 

0 

3 

29. Liiue.stone , ... 

0 


38 Sliuhs ... ,,, 

0 

2 

37. Limobtune ... 

0 

i; 

26. Shales 

0 


25. Limestone ... t 

0 

i 

21. Shales 

0 

*4 

23. Limestone ... 

0 

2 

22. Shales 

1 

0 

21. Limestone ... ... 

0 

3 

20. Shales ... 

0 

1 

19. Limestone ... 

0 

3 

18. Shales 

.0 

4 

17. Limestone ... 

0 

.3 

16. Shales ... ... 

0 

10 

15. Limestone with shaly partings 

1 

6 

14t. Limestone 

0 

6 

13. Shales ... ... 

1 

0 

12. Limestone ... 

11. Shales with 11 thin layers of ha 

0 


splintery limestone 

0 

H 

10), Limestone ... ... ... 0 

9. Shales with limestone (1'') towards top 

3 

Oioeeras modmrdi, n,s. 

5 

0 
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[voi. xin, 


I. Wmrim BMs. 


Tmrxvses. 
Ft. In 

8. Liincstono ... «• ^ 2 

7. Slmloa ... ... ... 0 

6. Linusioiio with— ... ... 0 3 

XenodUcus DeKon. 

„ bttckianvs, „ 

Salt -rniipre, zono of P///- 5. Variogfatcd papery blinles ... 0 6 

chites liUvronvKiHuSt 1. Limestone with — ... ... ^ 


D<‘Koii. Ae/rula vcncfiaua, Ilau. 

Xenodiscus dcmh^its. JWi/opJiorta ovafa, Ur. 

„ Posidonomga angusta,1lfiil* 

Ohccras tvoodwatdi^ n.s. 

^ f nodiscus dcmissus, Opp. 

„ qangtticus, DoKon. 

3. Fri.ihlo, paj)cr\ shales with a parting 

of limestone (1") with — ... 0 9 

Otovenfi* icooduacdit n.s. 

2. Harlv grey linn'stone with shaly layers 

with ... 0 6 

Tob-idonomtin anqustat Han. 

Oo'ctlha myhlotdesy Schlot. 

Modioht frtrj licit Oy Sceb. 

Mjiophoria ocafUy Gdfss. 

Actculu vcnclianay Ilau. 

Bf IkrophoVy ‘■p. 

^aufUus hrahnanicuSy n.s. 

Otocecas woodwardiy n s. 

.. »> var. undula- 

turn, n.s. 


I 


I . ' 

, h. Campih'V beds 

1 (Alps). 


f 


«. Soisfl beds (Alps) ^ 
3aU-rungo Proaactus 
beds. 




Plifciiifa lanrcnciams, DoKon. 
Opliicfras mediuniy n.s, 

„ honiflagcnse, n.s. 

„ tibcticym, n.s. 

„ denstfesiay Wang,, var. 

Xenodisciis qangclicttSy DeKon. 

„ huchianusy „ 

„ demisstts, Opp. 

Trachgcevas gibhosumy ii.s. 

1. Dark, carbonacccmS; cmiiibling shales, 
micaceous, weathering in reddish and 
dcop'browu tints, giving it a variegat- 
ed appearance, with a few thin beds of 
bind grey limestone. The general 
character of these shales is the sanio 
us of all the intercalated beds of 
shales of the bods above ... 127^ 

It yielded— 

Mvuoiis clarccy Emmr. 

Produetus latirosiraiust Howse, var. 
dreesies sp. 


Tlie wtolo re$ts on tio carboniferons series. 
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The above list of beds, it -will be wrii, con’osjxaids in a mavvolloiis doj^rf e 
with the bods of tho Trias as do\elo])od in the Kasloin Alps, and the order stands 
therefore as follows : — 

The Trias in the Uinta laj/a*i. 


Charoetcr of rooKs 


Z<mcs. 


C'oiid ition with hoii/oiiM m 
tlu 1 is(( 111 Allts 


TiiaM 111 Gmiiaiiy. 


(4 

^ ( 

fS \ 


H . 

g 


6. Livor-poloared liino- 
Fitone with givenisli 
eltau's. 

5. Friable fhiilrs niiil 
cartli;j beds 

4. Limes tone 

3. Earthy beds and shale*- 

2. Blaelc limestone and 

dolomites. 

1. lllnek lime^itone llafts 
and splintery slidl(‘s. 

4 Hard Rro> conere- 
tioimry limestone. 

3, Earthy limestone 

2. Limestone and hbales. 
1, Dark slmleh, etc. 


Corhiit mdhn^i, TIau. 
var. 


Spa', lilanginsht Stol. 


► Opitonb/ and Ihiibl. 


Tropiles 4hi*li< hi I ITalKt.idl and 

I 

St. C.issuin 


Dffotu lln tpi olfUMSf 

Mojs. 

Eraehiopoda 


PlVi'luie^ gerardu 
hlfd. 

Hhipwltonelltf scmi 
plnda, Muii., var. 

Posidonomyaauqustay 

llau. 

Monoih clarte, Emm. 


\Venp:en. 
Bnehrnstt in. 


lleilliiiQ lime- N 
ston.-. ( Virifloiiii 


KeiqM’r. 


' linii btone, ) 


] Miisehelkalk. 


Ifeeoiivo lime- C 
stone J 

\ 

(^anijiilev beds'j 1 

( ” I I Buntsaiidstcin 

Beds of Seiss ; > I 


As far as is known at present, tliis succession of horizon holds j*ood in India 
over a considerable area, to jndgo from certain beds, which have been found in 
other parts of onr Himalayas. Tho lower grouj) lias been described by Stoliezka 
from tho north-west Himalayas (Spiti), but ho considored only the np])er part of 
tho Lower Trias as such, with Ithynchonella saUernwo, Stol., an<I rtychites 
gerardif Blfd. Ho certainly came across tho lower group, but in the absence of 
known Trias fossils ho represented it as upper carboniferous, containing numer- 
ous Prodnwfvs semireticulaitis, Mart, (sp.);^ Spirifer rajah, Dav. I have compared 
some of his original specimens with my own collection, and have no doubt that 
the bods are quite identical both in lithological character and probably in thoir 
fossil contents. 

It might bo urged that the presence of the Productus speaks for a Permian ago 
of these deposits ; but taking into consideration the fact that straiigraphically 
the complex of Trias beds is a connected series of deposits without any intermp- 
tion, with the greyish black shales invariably at their base, the whole resting on 
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a rufigod and doniidod anrfafo of tlu* carboniferoiifl quartzite, it must be admitted 
tlnit on tin’s afeoniit alone tLe shales (Kuliiig shales of Stoliezka) must be included 
amongst the Triassie group. These shales resemble the Werfen beds of the Alj)s, 
not onl> in lithological character, but also in the fact that here as there they 
eoniain a number of older foi*nas of life side by side with new arrivals. Such is, 
it a])])eju*s, the case with the Werfen beds of Ai*menia^ 

Tlu‘ following forms of llie 1st and 2nd groups of the lower Trias are identical 
wiili such ol the Werfen beds of the Alj^s : — 


J/oNO/ff (hti fit Kiiim. 

„ itnonsftt, ITan 
(hyrtlha S( hi 

'Moth da It tqiu t) Sei h. 
Mtiophona otafa^ (idf 
Aitadet n udtantit Hau 


Nearly identical with a Hallstadt foiTu is Oplncow den^tiesitt, Wang ^ 

All the other specu^s represemt earlier stages of foims found also in the 
triassie b(‘ds ot the Kustern Alps. 

So lor instaueo<e — 

rUnnffantt^ (''*) Fitromhcliit Onop. 

Oloaras woudivardi <dlH‘d to j „ &( upluftformtSy Hau. 

f ,, zafciLHsih, Hdkh 


Ophicoas flhdiruhif ns., allied to Lytw'vra<( snnotnjtf Kaii , and other Lyiucoa- 
tths, occurring in the Ij(»wcr Ihaas. 


DESCEIPTJON OF NEW SPECIES. 

Class CEPHALOPODA. 

Orifer • TETHABRANCHIATA. 

Family JS^lCTILIDJrS 
(ilciius- NAUTILUS. 

Nautilus quadranoulus, Beyr., mr, jirahmanious, n. s. Plato 1, figs. 1— -3. 

This species is most nearly allied to the Liassic forms, of which JV. aratiis, 
Schl., is the representative. The shell is considerably involute, the umbilicus dooj). 
The ventral side flattened, the section of the shell sub-angular. The descent to 
the umbilicus is vortical and shaqily defined. Five radial linos of growth arc 
visible, and a few broad indentations at intervals of about » inch along the last 
chamber indicate a faint kinship of piis form to Navtihift fugax, Mojs.* Towards 
the mouth the shell opens out, trumpeUshaped. What remains of the last 

^ Abich ! Qeol. Forsebungen in den Kaukon. Landoru, Ist. Theil> Wion, 1878. 

See also MojeiBovie's Verb. Geol. Reiebsanst,, 1879, p. 171. 

® Bcuocke's Ocog. Pal. Beitrage, I, p. 369. 

^ Jabib k. k, Oeol EGicbsan&t., 1669, PI XXX, fig. 3, 
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cliamber amounts to exactly one-linlf of the ontin* t volution. Siphon situated at 
about I of the height (fig. 3). Tlu» septa show ruMily the same lines as Nautlfu^i 
suhimxttis, the prnnted aiitisipiional lobe mai lv'< tins species at oiiei‘ as 

belonging to the forms of which N, aralii^, *Sehl., is th<* type. Tlio number of 
septa are about thirty in a whorl. 

The only charaetc'r which distinguishcR this spi'cies from Btyrieh’s s[)eci<‘s 
N. (juailranguhis^ is the fact, that the (huunan MuselK'lkalk form seems more 
compressed than our species, so faros I ran judge from tlu' figure' givt'ii. But 
there can l)e no doubt that th<j German Miisehelkalk spi'eies is a ilesecuidaut 
of this lowest Trias form. 

Ijikewise Niutfihis spi7/e/;,<rz.s', Stol , is 2)robahly also onl^ a lait'r sfage of 
development of this s])ecies, which is common in tlie Werft'ii liorizoji of tin* 
Tibi'tau llimalayas. 

With the exception of tlie angular slia])e of fiie sect Lon of the whorls whieJi 
is so markc'd in the Jndian s|)ccies, it agrees M‘ry nearly wdth Nai((i/n<^ .wrAurtf/z/s*, 
K(‘ys., both in general sliopt* and ccuirse of tlu‘ lobe Uuo. In tig, 2 1 Lave 
shown anotlior s[)ecimen, wliieh 1 cannot S(‘parote at present from tin* lar*g(‘r 
form in spite of the indication of a hexagonal oiitlint' ‘>f J^h(' section t>f the 
month as shown in the ligiire. It is prolMbly only a yonitger indi\ idiuil of the 
same species, 

U is very numerous in Bed 2 (horizon of (;/////(( nmjHUa, llau ) of 

the lowest Trias 


(Ma^s: CEPHALOPODA. 

Order* V 

Family :• AMMOXITID.K. 

Tribe: Pir^ACOCEKATlDyE. 

Genus; OTOCFKAS, n g.> 

Amongst the numerous forms fouiul in Jled 2 (hori/on of ro'<ithnounf(i 
miguHa, llau.), one of the most remarkabh groups is that for wliieh J [impose 
the above name. Ocourring, as they do, in a bed bi'longing to the low'ost Trias, 
they form the connectiiig link of a grouj) of forms, the first of whicJi appear in 
the palaeozoic epoch. 

The earliest species belonging to the tribe of Pinueocertifida? apfenr in the 
Devonian, whore we find the Harjerenm siujittorivs, Sandh. 

In the Permian of Annenia wo find again several species, and representa- 
tives of it arc found in India (Salt-range) and pass on into Up[)or Trias, where 
many species belong to that genus. 

The species described under the above generic name ai)])Gar in the lowest 
Trias as companions of a number of early Tviassic typos, in the same bed with 

' Mithlcndorf’fl T^eiso in Sibirion, VI. IV, fig, 3, 

* Abli. Akadomie, licrlin, PI, III, fig. 5. 

^ OOs, wTos =i car. 



lOG Jit cords of the Geological Surrey of India. [tol. xixr^ 

Tos. anrfvshty ITnn. Though il seems that there arc several van’etios, if not species, 
amongst the numerous spocimoiis obtainocl, T prefer to include them for the 
j) resent under one collective iiaiiio 

Oioci:r?\s woudwarde, nov. spec. Plate 1, figs 4 Ik 5, and Plate Jl. 

81i(‘ll involute, VNith very dee]) umbilicus, -with rapidly increasing outer 
wliorls. The jiart of tlic shell iu'ai*est the umbilicus bulged out into an ear-liki 
sha])e, giving the strtiou of tlic shell (Plate J, fig 4u,) a more or less rhom- 
boidal aspect. 

It is very probable lliat the last ivhorl in adult i ndi a idnals covered and 
ciK'losisl the entire shell. In all the s])eeiinens which I collected there is a 
tendmicy to enlni*gc the lattiu* wlnirls at the expense of tin* umbilicus. The 
sides of the shell ari* only slightiv (‘ur\ed ami slojie towards the sharp knifc-like 
si]>iional side enclosing an angh of about (>7°. 'Idie com]>ressed sijihonal side 
is one of the most characteristic hsitures of Ihis species. Tii one of tin* adult 
B])ecimens (Plate J, tig. f), this j)aii of the shell has (jiiiti* l!ie apjicaranci' of a 
^ll•^rp knif(‘, and only a faint indication of a thrcc-cdg(*d tennination is visible* 
vvlii'reas in sonn* of j^c > ns (Plat'* 11, fig’s. 1 and 11) and e\en in tin* 

older form (Plate rptig 2'0 the tiipariile eharaelti* of tin* si])honal side is strong- 
ly marked. This cliarael(‘r alone would st nn]) lliis s|K*eies as belongincr to //^o/- 
(/arites'f JMojs.,’ o( which // sruy>//////o/ Han.,® and /f. 'u? ]h>(‘kh are 
the ])es, bnt t he shajH* of tin* ear-like ])rolongation of the sides of the shell 
n(*ar the region of the second sidc-lobi's is a chaiacter nitiri*!} absent in the 
Austrian g(‘iius. A line connecting the car-1 ike i)roh)ngations of tlic sid(‘s, or, 
ill other words, the second sidc-lohcs, will intersect the ni(‘dian plane in a jioint^ 
from which to the siplional margin of the pri'ceding whorl is about the third 
of ih(* (‘id ire distance betw’eeii t lie point of iidersection and the siplional margin 
of the outer sh(*ll. A vTitieal pro]( etinii of the inner margin of the lirst lateral 
saddle to the median pkim* will inters^' et that jdane hi the siphon of the pre- 
pinling v\ liorl. 

From Plate f, lig it will b(* seen that the proportion in the increase of 
lateral exjiansion ol tlu* last w]inrl increas(‘s ra])i(lly at the o\|h*iis(* of tin* increase 
to the h(‘ight of the slu‘ll, and it is not at all improbable that, as 1 said above, 
the liDal chamber inclosed nc'aily tin* whole of tin* shell in adult specimens, 
wliicb character is indicated in fig. il ol Plate 11, wdiieli shows the almost vertical 
sides of tlie innbi liens, but since drawing the |)latos 1 have worked out of some 
blocks of stoni* the fragment of a larger specimen, showing part of the last 
clwimber with the umbilicus. The latter is vci*y narrow and closing in towards 
the outer side. The shell is extremely thick near the ear-liko iirolongaiion in 
the umbilical region and covered with wrinkles. The shell is covered with fine 
wavy linos of growdili S-sI»npc‘d, slightly bent forward near the siphonal margin. 

The lobes show some variation mainly in the auxiliary ones, hut these in- 
crease in number with the sacc<>ssivo whorls in the same specimen. As shown in 

‘ Verh. Grok Tlriclrmnst., 1879, p. J40, 

DenkAcb. Akadointc WibA., Wien, 1855, PI. Ill, fig, 4. 

® A. M, K, Ffililtnui luto^cl, IVkI, 1872, PI. VII, ligA. 1 aud 2* 
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the drawings of lobes in Plate TI, this species poss(‘sses a broad siplional lobe 
ending on both sides of the seniicireular siplional saddle in a sharp point, 'Jdie 
external saddle (fig. is mod(‘rately high aiid a little narrower than the si[)hou- 
al lobe. The first lateral lobe is the deepest of all, of the same ividth as the exter- 
nal saddle, and at the base shows jdainly a. tri])arliic arrangcnieiit of the 
serration. 

I i-ciaarkccl abo that the eon-ospoiulinpf lobes vary oiioiu.-li side of the siu'chiieii 
(fig. 1). Whilst tlie first lateral lobe of the left side .sbo«s jilainly this tripar- 
tite arniTigeineTit of surratiou, those oo the i-iglit side have an addifiorml sharp 
point, a.d(k”l to the lower nia.rgin of the lobe as shown in lig. Ih. 'I'he larger 
speeiiuen, fie'. 4, shows a still more complicated serration of this lateral lobe, 
similar also in figs, i! and o. There follows in .all specimens a vciy larg(! first lateral 
saddle, sli'i-hlly bent towards the inner side, with following rather narrow second 
lateral lohe, serrated at (ho base, this scn-atioii varying in the dilTerenf, specimens. 
The second lateral saddle i.-, only half as high as I he first, and g.vaf lateral saddle, 
rather wider in proportion to its height, and followed hy one or f,wo auxiliary 
lobes of varying course. In some specimens the tirst anxilia,i-y,loho reaches oidy 
half down fJie ronnded itnd broad second lateral saddle? and is,not serratiid at the 
base and might ho described as a imdimontary lobe ; iii others, tigs. -Ih, 4 ami 0, the 
auxiliary lohi?s and ssiddles aro similar in shape to llio last lateral lobe and saddle, 
decreasing in si/.e ,is they near fho ridge (r), noiieod above. Ileyond this the 
■Mit ural line runs in a series of mdiincntary lolies and saddles to the sutural 
margin (s), whore it forms a flat seri-atcd IoIh) ; on the ateti.siphonal side f noticed 
im I'uvparcd specimens (lig. «) a saddle, as broad as high, slojeing towards f.hc 
margin (s) followed hy a narrower but deeper lobe, serrated at base, and a second 
higher and wider saddle, similaidy sloping towards the majginal side. The 
antisiplional lobe is hijiartitc. 

LucaUly. South of Rimkin Paiarand north of Kinnghing encamping ground, 

head-waters of the Ganges river. 


Otookuas woodwaedi, var. undatum, n. s. Plate I, (ig. 5. 


With the first described specimens and only at one locality wore found a few 
individuals n.gi’ocing in general sliajio and lobes witli (Uuccras vnoiln'iirdi, hut, 
unlike even the larger specimens of this species, showing very marked wavy ribs, 
only very slightly bent forward near the siphonal margin, hut swelling out near 

the middle of the side of the shell. As none of f.hc other specimens show thi.s 
character, I have thought best to separate it for the present as a variety of the 

other form. 

iocaZdi/.— South of Rimkin Paiar, east slope of the Kurgudthidhar mountain. 
MUeil /orms.— The ancestors of the forms above described must bo sought for 
• the family of the Pinacoceratidee, Mojs., the oldest known ones of which 
wour in Devonian of Obersohold, Pinacoce.ras sagUtanus, Sandb.' That 
^ageceras, known from the Permian and which like Piwacoceras lived up to the 

1 Snndberger : Schichteiwystem in Nassau, p. 77. 
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Upper Triassic iinies, is a descendant from Piuncocei'cts is probable. There is an- 
other form which boiirs (jIosc resemblance to Oloceras, GoniatiteH intimiescns^ IBcy. * 
amtvs^ which is a close relation of it and belongs to the Devonian system* 
In external shape, thickness of shell, fine lines of growili and the sha.rp-cdgod 
si phonal margin, they arc all Imt identical, and from the figure (1^/.) it seems 
us if this species also, in a rudimentary stage, possessed the car-likc prolongations 
of the shell near the umbilical region. Turning to the lobes we find also the 
first lateral saddle largely dcvclojted and turned towards the umbilicus, and an 
indication of a [second lateral saddle, but the lobes temiinatc in simple sharp 
points only, though corresponding in general proportion. The line of i)rojcctioii 
of the preceding siphonal margin (vertical to the median plane) cuts through 
the second lateral lobe near the inner margin of the great first saddle. We have 
here the true predecessor of Otoceras in Devonian beds. 

The next younger forai known is Hmigardcs (Cera tit es) dromheclci, Griep.- 
from the lowest Wellenkalk of Drunswick, which shows many characteristics 
of my genus, but most so in the form of the lobes (fig. 3) which arc nearly 
ifl(mtical with mine. Apparently also the projection of the siphonal margin of 
the preceding whoVl passes through the second laliCral lobe. 

Whether the genus Jlunr/aritcs^ is a further developmemt of Oloceraa is not 
quite clear to ino, but the description of the lobes given by J. Booklr* seems 
to point to a relation wuth the older form of Otoceras. Mojsisovic*'’' hints at the 
]»ossiblo derivation of Fhacoceras from Gouiatltes emaciatns, Barr./’ and indeed 
this species show’s oven greater likeness in general form and arrangememt and 
position of the lobes to GoniaiUcs intumescensy Bey., so that there is the indica- 
tion of a pedigree, which w'ould stand thus : 

Siluriiiii ... ... ... Qoniatith emacialus, Barr. 


Dpvoniflu — 


Carbons, .and Permian — 


Pinacoceras Sagittarius 
\ 


[ 

Sageeeras 



Qon. intvmescent 


Otoceras 


Eungarites 


» Sandberger’s Verst. Rbeia, Scbiclitensyst,, Taf. VII, fig. 1. 
® Zeitsch. Deutsch. Geoi, Gesellsch., Taf. VIL 
^ Verb. Geol. Reichsanst,, 1879, p. 140. 

< Pfildtani int^zet, 1873, p. 156. 

^ Abb. Geol. Reiebsanst., Bd. VI, p. 43. 

‘ 8y»t SiL, Vol. II, PI. 111. 
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pTYCHiTKS LAWRbiNciAM.s, DcKon. : Quart, .lourn. Ot‘oU Soe., Vol. XIX, 

PI. V'l, lig. 3. 

As such 1 detenu iiie a few not well jm'sevved spccuineus. They a<?rco very 
well in fvciicriil sliape and in the formation of lohes with the Salt-range s[K'cie.s, 
but with this exception, that liiy specimens' exhi inf traces of an car-like ridge 
near the umbilical margin, thus showing some kinshif) to Oloccras wonthranJi . 
Farther researches in the llinudayas may reveal better sjiccimcns. 

Of older forms the most nearly a«llicd are OoiiiaUlcs ha^niih/hausi. Von 
Raeh,‘ G. utituiU'Ht'ras, Ih^y., var. itUennctllti::, 5?andb.,‘ and (t. hit('Jtif,Yv.vu.l^ thus, 
showing in some degree a derivation from the early types of OforeraR^ ami itself 
repi'oseuting a ])rcdeccssor of the later Vlt/cJnfcs forms of tlu‘ Muscludkalk, 

Genus: NORITES. 

Norites rtAXCLMes, DciKon., var.: Quart. Journ. Geol. Soc,, N\>1. XIX, 

PI. V, tig. 1. 

My species dilTcrs somewhat from DeKoninek’s figure, in tha.t. the ril>s on the 
sides of the shell an* more stroiiglj’^ marked and seem iiuletid to form tuber- 
culous nuisses ; the siphonal part is ])erfect!y flathmed, and n!s('iuh](‘s in tlinl 
Noritea tjondola, Mojs. This .s})ccios is common in the higlu r hials (S‘.)) of tin- 
(^iTupilor grou}) of tlie lowin’ trias. 

Thm-e is an excellent predecessor to this species found in GonladU'i tctiuistri^ 
ufnsj Vern,'^ 

l>ihe LYTOCBRATIDiE. 

Genus : OPlllCERAS.' 

Under this generic name 1 ju'opose to unite forms Avhieh [)oss(^ss th(' (External 
characters of the LytoccratT^, but possess a uuieli simpIiM' lohe.-Iine ev(‘n ilian 
MouophylUtea^ and must be considered as an older stage) of dewelopnu'nt of the 
Ljflocfiratiicfi, which ajjpear first iu the Miisehclkalk. Fur the description of 
the generic characters 1 I'cfcr to Oifliiceras tibetloawl n, s., which may be looked 
upon as the type of my genus. 

OrniCEiiAS TiBETicuM, n. sp. Plate itl, figs. 1 to 7. 

Shell compressed, section of whorls oval and widening near the umbilicus 
(see figs. 2 and 3) ; the ladtcr largo and shallow. The shell with Severn to nine 
whe>rls, each covejring a little more than a third of the preceding one.^XJio shed I 
is thick, especially so near the umbilicus, and covered with fine wrinkle^s or lines 
of growth S-shaped and bent forward near the siphonal aide (figs. 4 and /») 
In the body-cL amber, they assume the character of fine S-shaped ribs (fig, 0), 
resembling in that stage the ribs of Lytocems simonyi, Han., with win' ch species my 
form corresponds in many characters. At irregular intervals the shell swells into 
rounded buinpa, largest near the umbilical margin. The siphonal side i>s rounded, 

1 Tr/ms. Geol. Soc., Vol. VI, 2n(l Scr., PI. XXV, fig. 7. 

2 Rhein. Sehicht. Syst., PL VII, fig. 2. 

3 Tnin.9. Geol. Soe., Vol. VI, 2nd Sn-., I'l. XX VI, 1. 

* Tran. G<;ol. Soe., VoJ. VI, 2nd Scr., PI. XXVI, fig. 7. 
r. serpent. 
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and <1 k‘ wvijiklcs or folds run across it and join with those of the oilier side. In 
a Jaro'tM’ fra^^uKuii of a hod 3 ''-eha.rn!K‘r, which I refer to this species (fig. 1), the 
back is smooth, and the wilnkles or folds show oidy near the umbilical side. 

The lobes are simple ; the projection of the preceding avIiotI intersects the 
second lateral Io1k‘ near the ontc3r wall ’of tlio second lateral saddle; the siphonal 
lobe is much wide'' than high, with a moderate^ high siphonal saddle, separated 
by the si])h()Ti. The (‘xternal saddle is about as high as wide. The tirst lateral 
loin* is very deep and narrow, followed by a high first Irdi'Vfd saddle, bent 
inwards. The second lateral lobe is narrow and reaches oidy lialf as low as 
the first one. The second lateral saddle resembles in shape and height the first 
one, followed by a lobe of about th(i same de])th as the last one, sit uated at tlu' 
umbilical margin. The internal sutures are very simple. A deep bi[)artit.(; 
an tisi phonal lulx) is accompanied by a rounded low saddle on each side. The 
margins of all the saddles are entire and the arehi\s of tluj lobes very tinely 
sonuted, and in yoTinger specimens a,nd llie inner wboi*ls of oibers, often enih'e. 
Some fragments of young individuals resemble in general shape this species, 
but show slight deviations in the lohe-line (fig. 7). 

IJoth in general sha})e and nn mix a*, and arra ngement (though not shape) of 
the lobe-lines, this s]>ccies closely reseirddes the Lytoceratite genera {MifUOfth/l- 
lifestxnd VlnjllovcniH) of the Miiscbelkalk and Uallstadt respectively, and may 
bo said to be jin earlier stage of these forms. 

TJic earliest ap 2 )eaa'ance of a form belonging to the chain of which the 
above species is ojdy a link may be said to be Oouialites holioniicvs, Barr., from 
the Siluriaji, and can he traci‘d through a variety of allied species to the Devonian 
of Xassa.!!, 'where we iind in GoutoiHofi anpiahiVniy Beyr., an exact liktmess of 
our Jlimalajan s])ceies. Both section of shell', general chai*actcrs and siriation, 
agree perftxjf ly, and there is a strong rcseni bianco even in tbt) lobe-lino. The 
external saddle is rudimentary, as is also the second lateral saddle, wbicli is 
inovial nearer the umbilical margin. But there, as in our s[>eeies, w^e find a 
strongly developed and lar^e first lateral lobe, with a bend towards the inner 
side, closely resembling tlu; later Himalayan species. We have here c(mneetlng 
links of a long cliain of foriu}^ beginning alrefidy in Silurian times and roaebing 
probably high up in the cretaceous scries, thus : 

Siluriiiii ; Goniaittfs holtemioufi, Hjot.. ctf rlr. 


Devonian . Goniahloi rftjnabilis^ Ik'yv. 

Loufi* Triati : Ophiceuis, otr. etc. 

I 

j 

Miisehelkalk : Monophyl files, 

\ 

I 

I 

i I al ! st ud t : Phylloceras. 

elf. etc. 

' Sanclberper’s illicia. Verst., Tuf. AdJ, hf?, 10. 
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Rliell rfiilicT loss ovolnto tlian in tlic* Jast dcscriln'd si)(‘(n(.*s, <lu‘ Inyt wliorls 

rapidly incvcasiiii>- in liciolit, and in that rostimhlino- nioro tlio Li/iocrnts shiiunjii, 
Mojs., even than the last spoeics. Jhit hotli the sculpture of* the shell and ihe lohes 
diCfer considerahly from Oxihlcerns iihctinnn. There are a nmulxu* of n(‘af*ly 
Ktrali;]it, only sightly S-shiipecI, ribs running across the sides of tin; shell, ANliieli 
iiear fhe coTuniencenient of the hody-clianiber (indicated hy a, small arrow In lig. S) 
alniosl disapi)car and change into irregular lino AVi'inkles and buin]>s near llie 

nnihilical side. What reniaiiis of the body-chamber is -.dHUit one-hall* of tin; 

eiitii'e whorl. Tin; siphonal side is rounded, the umbilical margin sliai-ply deliiKMi, 
d('seending straight down towards the shallow and wide umbilicus. T’lie lobes are 
idenlical with those of the following sjioeies (figured in fig. 

Oi*ni(Ui:j;AS MiiUiUM, nov. sp. PlaieJIi, lig. \K 

(leneral juoportions of Iho slull the same as fhos(* of the last ileserllM'd 
sp(‘ei(;s, but the shell is nearly smooth and only shows slight radiating wriiikh^s. 
which disap])ear entirely toward.s tlie .siphonal side and are only slighfly ln iit 
forward in that r(;gion. Tin; lobe-line, lig. {)hy resenddes more that (tig. 7) which 
I (*onsid(‘red as a younger individual of tlhrtlcinn, n. s. The si])lioual lohe ends 
ill two sharp points on eacb side of the divided siphonal saddle; ihe exU'rnal 
saddle is a simiile arch, rather wider than higli, followed hy a narrower, viay linely 
siVrated (lit the base) first lateral lobe. The first lateral saddle* is widca* lluin 
hi'di and bent towards the umbilical side. The second lateral IoIk* dot's not 
reach so far down as the first, is narrower, hut also very finely s(‘rrnt(‘d at the 
base. The second lateral saddle is low and broad, and reaches over the umhilical 
margin; on the aTitisijilionaTTldn J. noticed a deep and bipart itt* a-nlisipbomil 
lobe with a rounded saddle on oacL side connected with the second lateral satldle 
by a linely serrated lobe-line, representing one or more auxiliary lobes. 

Monopuyllitrs wetsoni, 0pp., Pal. Mittli, Plate LXXXVl, tig. 2. 

Agi'ces well with Oppcl’s figure, both in outwaM ap])carance and course* of 
lobe-line. It was found only in fragments, but is very common in ibe iip[)er 
biids of ibc lowest Ihuas groui>— the Campilerbeds of the Aljis. 

Tracuycekas (0 (UBBOSUM, nov. sp. Plato ITT, fig. 10. 

With the above forms occurs an Ammonite, wbieli in outline resembl(*s 
somewhat Trachyceras (Ainw.) semq:tartlttim, Von Pucld, but tlie latter is 
involute in a higher degree than ray species, and consetinently dovelopos several 
auxiliary lobes xvhicb are wanting in our species. T Imxc at present referred 
Ibis form to Trachyceras, but it is very probable that it represents a connecting 
link between Opkireras, n. g., and Xenodisens, Waag., as exemplified in X. (jan- 
qetiras DcKou., and nachianns, DcKon., >vhich I venture to include in 
Waageu's new genus. 

J Cher CVi’iititcs Akud. Wish,, Ri’iliii, ISJB, IM. III. 
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T. gihlosum is moderately involute, leaving a wide and shallow umbilicus ; 
the shell is thickest, near the middle of the sides, in the region of the bumps,”' 
which occupy exactly the centre-line of the sides, and are about six in number 
in the last whorl. The inner whorls are quite smooth, and on the surface of 
the shell itself neither ribs nor striae are visible. The section of the mouth 
is oval, widest about halfway up the sides. The siphonal side is perfectly 
rounded. The body-chamber, as far us it is preserved, amounts to about half a 
whorl (the an*ow indicates the commencement of it, fig. 10). 

The lobes are very simple and resemble those of Ophlcerixs medium, n. sp > 
and partly also those of Track, s&mipartitum, v. Buch. Besides the low siphonal 
lobe there are one external and two lateral lobes with one auxiliary lobe, which 
is situated near the umbilical margin. The antisiphonal lobe is deep and cuds 
in two minute points (fig. lOZ^). 

Tribe: AEGOCERATID.®, Waag 
Genus : XENODISCUS, Waag 

XjilNODIbCUS DEMISSUS, 0pp. 

1862. Ammonites demisms, 0pp.: Pal. Mitlh., Taf. 86, %. 1. 

1872. Ceratites carhonartus, Waag. : Mem. Gool. Surv., India, Vol. IX, PI. I, figs, 2 & 3 

1879. Xenodiscus oarhonarius, Waag.: Palsaout. Ind., Ser. XIII, PI. II, figs. 2 to 5, 

With the species above described and in the same bed (2) with Tosidonomya 
axigufita, Hau., and other Werfen bed fossils, occur numerous specimens belonging 
to a chain of forms which might bo roughly^ described as beginning with the 
flat and characteristic XmodUcus demmus, 0pp., and ending with Xenodisem (?) 
buchianuSy DeKon. 

I have nothing to ad<| to the description of the above-named species after 
the excellent exposition given by Waagon in tho Paheontologia Tndica, but may 
add, that there can bo no doubt that OppeTs figure agrees with Waagon’s species, 
as it does with my specimens. Tho species is so common in bed 2, that 
necessarily there is a great variety of forms, all, however, agreeing in tho 
principal characters. They show greatest variation in tho ribs or wrinkles of 
tho sh^ to which I may add that the shell itself is rather thick, especially so 
half-way up the flattened sides, and is covered by wrinkly lines of growth, which 
at intervals develope into ribs. 

It is possible to arrange from amongst them a complete chain, passing from 
the evolute spO(bimens (rep|iei|iehthig Pppel and Waagen's species) up to consider- 
ably ihvolttte tariMios, andi m that stago dosely resembling the two species of 
DeEoninch^s gmgi^s ^nd 

Though Or. Waagen dbsii ttot so in his description of the new genus, 
1 presume that {a visKUy the early stage of ^development of Aegoceras, 

Waag., and stands in the snme relation to the latter genus as docs Otcceras and 
tfespeotiyeljr, to and Igtocoras. 
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EXPLANATION OF PLATES. 

PLATE 1. 

Pig**, 1 to 3. NaCTTILUS BKAnMANTCirS, 11 . 8. 

Pig. 4. Otoclwab wooi>waudi, n. s. 

Pig. 6. var. UNDAiUM, ii B 

PLATE II. 

Pig*^. 1 to 6. Otocltias wonj^wAiiin. n. a. 

PLATE III. 

Pig«t. 1 to 7. OpHICBRAS TTIJETICrM, n. s. 

Pig. 8 „ niMALAYANUM, 11 . 8. 

P'ig. 9 „ MEDIUM, 11. S. 

Pig, 10. TBAonycBiiAS gibbosum, n s. 

PLATE IV. 

Profile of Trias and Rhaetic beds of Sbal-Shal in the Tibetan ITimiilnyas. 
Tbc elevation of the base of the elifE (carboniferous quartzite) is about 14,000 
feet above the sea. 

On the Artesian Wells at Pondichebkt, and the possibility of finding such 

SOURCES OF WATER-SUPPLY AT MADRAS, hg WiLLIAM KiNG, D.A., Deputy Super- 
inteudmd, Geological Survey of Lidia. 

Some three years ago it was announced that operations had been ooramenood 

^ ^ at Pondicherry with a view to the discovery of arte. 

History and progress. . . • j , , . 4 . u xi 

Sian wells, — ^a doubtful enough experiment when the 

position of that city on a wide alluvial flat bordering the sea is taken into ac- 
count, and that few of the ordinary physical or strati graphical features, usually 
considered as giving promise of such outflows of water, aro apparent at first 
sight. Such features do, however, occur partially ; and their possible existence 
became gradually so impressed on the mind of Mr. dh. Poulain, the manager of 
the Savana and Oopallem cotton mills, that he urged on the proprietors the advis- 
ability of making experiments, and ultimately carried out a boring with such suc- 
cess that water is now issuing from the tube with a hydrostatic level of nearly 
three feet over the surface soil and a discharge of 44 imperial gallons in the 
minute. 

Mr. Poulain, from time to time, during the progress of this first well, read 
a series of papers before the Government Commission on artesian wells, in 
which he gave his reasons on geologioal and physico-geographical grounds for 
expecting that water-bearing stratsi, or sheets of water with a head, might be 
tapped under the Pondicherry plain, at the same time giving short notes of the 
progress of his work** The data so recorded and other information obtained per^ 
sonally from this gentleman have been largely included in the present paper. 


* Slee Apptadls S* 
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1 am also mucli indebted to Mi*. Carriol, Chief Engineer of Pondicherry, for 
his guidance, and for placing of all available information and assistance at my 
disposal in this enquiry. 

The original well at the Savana filature was commenced on the 1st Febru- 
ary 1877, and the boring (after several accidents and a removal to a short dis- 
tance) having been put down to a depth of about 174 feet, the present rising sheet 
of water began to flow and obtained a height of nearly a foot over the soil and a 
discharge of nearly 20 gallons i)er minute on the lOth September in the same 
year. The flow increased to more tlian double this amount, and it has now 
been going on steadily for more than two years. 

In the succeeding year a second boring was started at the Oopallem mills, 
and in the remarkably short period of tliirty-sevon days, and at the moderate 
expenditure of Rs. 1,500 (not accounting for appjiratus and repairs), a water- 
bearing stratum was tapped at about 115 feet which is now discharging 09‘5 
gallons a minute at a licight of neni‘ly one foot over the surface, and has con- 
tinued so since the 11th October 1878. 

The French Government being now convinced of the occurrence of water- 
fchcetfl with a ‘head,* determined on developing this unforeseen soui’ce of water- 
sup])ly. A site was selected in the Jardin d’ Acclimatation ; and under the ad- 
ministration of Mr. Carriol, the Chief Engineer, a third bonng was carried out 
with great success, a sheet of wattT being stnick at 261 feet which has had 
a discharge of 146*52 gallons a minute, at 4*85 feet over the level of the soil, since 
the 20th March 1879. This boring was carried out with great care, details 
and specimens of the strata passed through having been pi’oserved. 

It is diflicult to give an idea of the very charming and inspiriting effect of 
this fountain so opened up in those gardens, though for a so-callcd fountain the 
height of the jot is v(uy insignificant. The large basin is raised well over the 
level of the gardens for the necessary distribution of tlio water, while a large rose 
is placed over the orifice of tlio tube, so that the water only wells up rather 
violently and falls in a bubbling mass about a foot overtJie surface of the sheet in 
tlie basin. The mere gush of clear and brilliant water in a country where one so 
seldom secs water in such jiyous motion, rising as it docs from an nnknown 
source, makes this fountain a most fascinating and beautiful feature, and soon 
tends to load one into an enthusiastic belief in the existence of similar sources, 
and the possibility of opening them up, in almost any moderately extensive alluvi- 
al flat on tha coast or even far inland. The Savana well is ill-placed, among the 
mill buildings in the deep shadow of its service well or basin, and its discharge is 
not so great ; but the Oopallem well makes a brilliant oasis of its grass-grown 
mound in the otherwise rather sombre factory compound. 

The supply of water fropa this well being sufficient for tho gardens, a second 
boring started under the same auspices and able administration, on about the 
most elevated ground in PoadUherfy, in the Ville Noire, with the laudable 
object of distributing water over the native quarter. Here the works are on the 
same extensive scale, an4 much larger piping is* used. Not, however, until a 
depth of 550 feet hes ririUfF been met with ; and this only comes within 85 
'inches of the surface, with a discharge of about 20 gallons a minute. This result 
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IS very poor, but it is hopeful, nevertheless, the other wells having also shown 
similar sheets with sucli a low hydrostatic level. 

A fiftli well has also boon started by Mr. Cornet, oiii‘ of tho jiropnetors of the 
filatures, in his own compound within the city mid iimcii nearer to the sea shore- 
My latest informatictn on this boring is tjiat a stnduni of rising water had been 
sfruck at 200 feet. The water is not yet very abundant, and it is only of middling 
quality. 

Some trials have also been recently made elsewher(‘ in this ])art of India* 
which it is just necessary to noiiet* here. Air. A. de 01os(*ts, C.h]., of Aladras, 
reports as follows — “A trial well I ^had bored in Mailras at the then Napier 
Iron Works through strata of bine clay and sands altornattdy, reached at 30 ynj’ds 
an ascending water sheet of brackish winter, above a stratum of a gn'enish kind 
of sandstone.” This well was, 1 believe, abandoned on tinaneial grounds. Again, 
in another boiniig now under operation in Madura, Mr. do Closets lias been pierc- 
ing alluvial strata with the hopt‘ of meeting a w^atcT shoot, but as yot without 
success. ^ 

On the completion of the horing in the Jardind’Acelimatation, tho subject was 
brought to the notice of the Aladras Government through an extract** from the Mntii. 
tear Official of the French Settlements in India, and an en({uiry was tlnui instituted 
as to the expediency of sinking such wells, and as to whether any suit able hical- 
ities for artesian well-sinking were known in the Pj*esideney. At this time I hail 
only the data supplied in Mr. (\'irHorB ro])Oi't, and had not seiui Pondicherry or 
its neighbourhood for nearly 22 years, so could only suggest tlu' jiossiliility of 
such wells being found in similarly placed alluvial flats, while J hazarded tho 
speculation that tho, gush of the water might he din‘ to the ]m*ssure of superin- 
cumbent alluvial strata. The interest attached to these wells is, however, so 
great that a personal inspection brthem became necessaiy, and I was enabled to 
visit Pondicherry in December last, when tho materials Jor tins j>aper were 
collected. 


Tub Savana Borinc,. 

Mr. Poulain, though much interested in the strdtu passed Ihrougli in this 
No very detailed observ- working and that at Oo)>all()m, has unfortunately luit 
ations extant. given very detailed accounts of them in his jiapers, 

neither did he preserve on orderly series of s]}OcimenB of the rocks. Indeed, 
his paramount interest and object were rather to get at the hoped-for I'ising sheets 
of water, one of which should be of a sutficient quantity and of a suitable 
quality for the mills which had hitherto been supplied with well-water given 
to doi)ositing a coating in the boilers. The following tabular section (Table 1) 
has, however, been conslmbtodl from the pai>ers lie road before tho Commission ; 
it is arranged after the model of ttose kept at the Government borings, so as to 
give the details at a glance, aod facjlitato correlation which may be made 
between the other borings. 

> In Northern India borings for water have been made to 481 feet (Calctitte), aud to 70] 
(rmbaUa), without success. Bee Manual of the Qeology of India, p. 0e7k 

* See Appendix L 
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Tlio water here is very with a faint bluish-green tinge; a very 

Tlictinfcr slight sulphurous odour is given off. It is reported as 
good- to the taste, savoring an apparent metallic flavour ; 
niliaieof silver gives a faint opaline cloud, and tannin produces no change of 
color. No dej)osit is formed on the boilers at the filature. The temperature 
at the orilice is 8^1® C. or 01* F. Clots and fluffy masses of rusty-green vege- 
table matter soon gather on the surface of the water in the service well or 
receiving bn sin. 

The well is situated at about 1,8S0 yards from the seashore, and about 250 
- yards from the right hank of the Edoupar, a small tribu- 

‘ ’ tary of the northern arm of tl?e Ariankrfp or Gingee river, 

a short distance outside and to the south-west of Pondicherry. The nearest 
high gi’ound of older rocks than the alluvial deposits is the low Lied Hills plateau 
which commences to*rise from the plain at about 2 miles to the north-west.^ 

The tube has an internal diameter of 5*57 inches, and a total length of 172*70 
feet, being made up of ri vetted segments of 8*20 to 
0 14 feet long. 

Tahlo T, — T//e Savana Boring. 
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As this clay was pierced, 
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Talk T-^Thi^ Savana Bonng — (oiiid 
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Table L—The Savana Boring — concld. 


No. of bed accord* { 
ing to Mr. Poa- 
laia. 

Arbitrary groap- 
ing of Mr. King. 

Bupp. 

Thickness of beds 
in meters. 

Progressive thick- 
ness in meters. 

Bemakxs. 

21 




Debris of friable psammite ** (Pferru* 
ginons grit) tainted with some yellow 
oebreous clay, mixed with sand, rolled 
pebbles, and some lumps of hard greyish- 
white limestone. 

1-68 

52*68 

At 52*68, 5th gush, 10th 
September 1877. 

22 


1 


Coarse-grained blackish sand, then some 
debris of ferruginous grit of a deep 
brown colour, less friable than the pre- 
ceding; mixed in the mass of coarse- 
grninod white 8p.nd slightly soiled with 
yellow oebreous clay. 





In this table, the strata, their separate thicknesses, the progressive depths, the 


remarks, &c., are collated from Mr. Poulain’s papers already 
of the grouping to. I have myself taken the liberty of making 

a tentative grouping of the strata into series of permeable 
and impermeable beds, or an arenaceous and argillaceous grouping, thus : — 
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King ; ok ilie Ailesian W tl/t rii Pondicherrg. 


U9 


The behaviour of 
water Bhccts. 


Above first imperme< 
able seam. 


Below tlie Isl seam of 
clays. 


iitrata hading np still farther to the west on tho shores of the great Oussandan 
tank west of Pondicherry^ 

Tho permeability or otherwise of the beds is very clear in this boring : no 
sooner is fair clay reached and pierced than the tube 
(filled with water from the sand above) is gradually 
emptied, until sand is again rt'ached, when water again 
appeare.^ A sheet of water, or a scam charged with water, was, however, struck 
at 64*38 feet, wliich rose in tho tube and ran ov(t at 3*28 
foot below the surface of tho soil, still above scti lovol 
and also above the level in the snri'ounding wells ; so that 
here was water clearly under pressure of some kind. Tho seam of sand and clay 
being, however, very thin, the boring was pushed on through tho succeeding clay, 
until at 62 '32 feet a second sheet was found to rise 
11 inches over the soil, and after a fehort time to 17'6 
inches. However, as tho hormg progressed, tho water 
fell again 3*28 feet below lovol of soil, and then an accident occurred to i he 
tubing which necessitated the starting of a now boring at 2 feet to one side. Tn 
tbe now hole similar strata wore passed through, and at 72*16 feet, water at last 
rose to 15*60 inches above tho soil. 

The curious feature in the progress of these two borings only 2 feet apart, 
— ^that in about 26 feet of oofirse sand witliout any clay the water first rose 
ov^r the soil, then gradually foil to nearly 8 feet below tlu' surface, and 
finally rose again to nearly ]'5 feet ov(‘r the surface, -^is attributed by Mr. 
Poulain to faultiness in liis first tubt', wliich he thinks was not quite staunch at 
the rivetted joinings.® 

A third seam of permeable^ material (E)was again met at 108*23 feet of 
In the 2nd hand of about 3 '5 in thickness, which gave a discharge of water 
at 36 inches above the soil, but tbe boring was continued 
in tho hope of obtaining a better flow 

At 118 feet, a 3-feet seam of sandy material only allowed of water rising 
to within a little more than 2 feet of the surface.^ It is not clear whether 
sufficient time was allowed here for tho water to rise higher, as it ought to have 
done, even though retarded through a more compact condition of the sand. 

After this came 29 feet of impermeable days (H), from below which water rose 
Below the Snd band of to 3 feet above the soil and then fell to 27*30 inches below 
clays. that level. 

The awgor noiv passed through a more varied set of generally arenaceous beds, 
without any definite of clay or other impermeable material, yet tbe water 

rises and falls in A remarkably manner, thongh ultimately, at the bottom of this 
series, the point is reached fjpom whh^h the present fine flow of the Savana well 


rises. There are dtOgetber i 

on this series, the ,wAiar 
soil : afterwards it riMsioas high,'fi^' 

* The fast would 

other) soarca sad m II 

® The «apiiaitioa W 


^ these sandy bods. 
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Poulain) ali at once, at a stroke of the borer, tlio water rose rapidly and flowed 
out over tlie mouth of the tube at nearly 3*28 feet above the soil. It then 
fell and rose in the tube, ceased to flow, and finally lowered rapidly, at a depth 
of 1 03*57 feet. The auger still continued through what are to all appearance 
j)ormoablc beds, though no further rise took place until at nearly 178 feet, when 
til ere was a powerful discharge of sand. This having been gradually reduced, the 
water rose to a height of 11*70 inches over the soil with a discharge of 19*81 
gallons a minute. 

r do not think we can here, below the second band of clay, consider 'that 
Does not imply that ^01^® than one water sheet hrs been tapped. The odd 
there arc more tlmn one behaviour of the water in its oscillations being in great 
sheet below last seam. measure attributable to a 2 )ossiblo choking up of the material 

round the bottom of the tube as it was forced down among varied sands, in which 
are at times seams t)f clay-galls and other fragments of clayey material : while in 
the new movements superinduced among the water channels or passages by this 
suddenly oponed-up vent, it is quite possible that there may have been frequent 
blocks. The height of the jet was, hoAvever, poor as compared with what had been 
attained in the earlier stages of the boring, and this and the discharge were only 
attained after some days. The discharge when I saw the well in December last was 
about 44 gallons a minute, with a hydi’ostatic level of about one foot over soil. 

For the bods exhibited by this boring: it is to be noted that there are two 
Two well dofiiied scums well-defined and thick seams of clay which act perfectly 
or bauds of clay. , - as impermeable bands, from under which water rises over 
the level of the soil. The lower clay seam is, however, separable into t])reo divi- 
'%sions by two thin scams of sand, from each of which there was a gush of water. 


The OoPALLisia Well. 

This is situated within the compound or yard of the Oopallem filature on the 
Pondicherry-Cuddalore^high road, and in the depression of the same small stream 
passing to" the south-west of Pondicherry. It is within 
Position. yards of the sea shore, but about 650 yards to th© 

south of the parallel of the Savana well, and about 100 yards from the left 
bank of the Edoupar stream. 

The present discharge is 99*5 gallons a minute at a hydrostatic level of 
The tubing and dis- 3*28 feet. The tube has an internal diameter of 7*08 
charge of i^ater, , inches, and is 119 feet long. 

The water is veiy sindkr in character to that of the Savana well; if any- 
, ,, thtog it appeared to me to be wore i^arkling and to have 

The water. rathjB*’ a bluer tinge. The stJphnrous odour is stronger. 

The same vegetable mattet^idims and 6ft on the surface, perhaps rather 

more qnichlj and in bettey']^ fie free exposi:^ to air and light ; 

channel away' boated with asome- 

''' ■ ^owth, atid'thiH^'^J^in is 

'I ; sottifliv' ''’Th^ "was disf^^y tepid*'"^!^^ tohphv'''in,i'thbj:/'cool.^weat^^ of 

' ^ is of ^abent;the'^me tem|ft^ttre' as that. W ; it is drunk 
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It is to bo notod that the dihi*harge is much over tliat of iho Sa\jiu.i 
Better (lificharffp than .1^^* But tliis appears io be in ])roportion with the capa- 
111 the Savana well. cities of the tubes, qualified by the different depths and 
the more compressed strata in the deeper borinfr, Tlie discharge jiowers o| 
tlic two tubes are as 44 to 31 : the aetual discharges being as [){) r> to 41. 

The following table of th(‘ strata passed through in this bonng has been sent 
to me by Mr. Poulain : — 
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The watcr-levol in the ordinary v^ells is between t) r>t> and IH?? feet Ih‘Iow 
surface soil, which is G feet above mean sea-levtd 

An arbitrary grou]mig of the beds may bt* pul as follows - 
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The Boring at the Jakbin d’ A ccuma'iaiton. 

The next well in order of date is that in tho Jardin d’ AceJimatation, 
situated between Savana and Oopallem, immediately on 
PoBition. the South-west edge of the town, at about 1*450 yards 

from tho soashoro, 160 yards sonth of the parallel of the Savana well, and 
1?0 yards from the left bank of the Bdoupar, 
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Th( boring was comiuenced on the 30fcli October 1878, and the present 
The ^^atci awd itsdis- wntor-beanng stratum was rc)aclied on the 13th robniaiy 
chaipc 1871), since wJiich time, with the e 2 LCOf>tjon of a few days 

of gi‘aclual rise, th(‘ flow has continued at the same height and rate of discharge. 
Tlio water has a tcm^ierature of 34 30 0. or 93*74 F , it is \ery clear, with 
a faint bluish-gi'een tinge, and lias a slight chalybeate taste A strong sul- 
])hnroas odour IS given off ; and the usual vegetable scum is formed on the 
surface and floats away It is diunk freely by the natives, and it boils ve- 
getables perfectly. 

The following tabular section (3) is compiled from one su])])lied to me by 
Mr. Carnol and from anotlici table given in the Proceed- 
Borinp HLctioii. the Madras Goveinment, Revenue Department.! 

Tn this table also, 1 Lave attempted a groujiing of the beds according to 
their sandy and clayey constitution — 

Table 5. — The Bo}mg in (he Janhn tV Acclma(a( ion. 
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Coarse sand, bluish, small pebbles, debus 
ol *chnrcoar and decayed wood 

Coarse sand, blutsb, galls of black plasticj 
claj, and decayed wood 

Sand, very flue, bluish 

Coarse sand, blaohislh ihl^od with bluok 
plastic clay. 

Black clay and fine sandj.,, . , 


137 
016 
0 25 
0 30 

0 35 

0*36 

016 

0*60 

2*69 




133 30th Oit. 1878 

2 08 2 80 M, wateil (vol of 
hipiounding w< lls 
2 03 I 3 60 M , uiuin bta-lud. 

4 33 

4 63 


6 00 
6*15 
640 
6 70 


I 




705 

7*40 

7*66 

8 IS 

10*74 


At X021. M., flibt rise 
<i|! water *lc^ cl. 


I 7th July l$70, No. 1496. Seif AppotuUx 1. 
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2\th1f i — Th Bo) mg i)i ih* Jatdtn d Al Umataiion — 


** Sil^ , u 
r .I t;-? 


1 im suiid ukI 1)1 ick )i 1»3 (1«\ • { 0 SS 1 ^ 1>- 

I ( )usi SHiid ^\itU i little cli\, siinll I 0 io 

I I 

I im s ml tl< ( i>cdu itnl lu li\ i 1 5S 1^ 

' 1 1 

J mi pint Hind ) 2 20 ' 

Illuk (Oiiipit tln>, M)tli \»p,ttibli I jQ 21 JO 

ditiitiN 

Bhek <h> iin\<d ujlli tim uid nxdiimi • 2 90 

S liul, I I 

Bltttk <lii> luxul lulh siad ami jRb)>ks 1 0 jQ jjJ 20 


Hlu(k(.li> im\ul » lib nudium sand 
lim aindsoiUd withilij 
Tim pfuysiiid 

llud blucli tlnv miXid vitl mi\ bnc 
sand 

Ml diiun s ind gri } I'ili * „♦ * 

Sai»d> Ilukdtt} 

I Jill gnj ‘‘ind , 

Siiii(l> bluik ih^ 

Fine hand mivid \iitli blmk ilij 

riiK sand with clots of hum!} ihy „ 

Compact Walk clay inivid with ^u> fine 
sand and &omt binull gi niinka oi gi cy 
Inuestuno 

Hastic bUck clay witk a few fiagmeots 
of slioUs, 

Compact black clay mixed with vciy 
fine bands 

Black clay mixed with medium aimd 
Fme 8and> dull, eaitby aud cli^oy 
Fine sand, less dull, earthy and «kyi^ « 


2 8i) *^710 

0 20 111 
] 10 iO 
010 28 o) 

215 do 70 
015 dOS5 

0 '55 j -Jl 10 

1 ao ^ 33 00 
0 10 3d 00 
030 |3130 
6 70 , 1000 


400 ,1400 ; 


0 75 14 75 


3 30 4805 
1 35 49 40 


6 30 5470 M 50 50 M I let gush, 


lU 


RtfLO/ih ofikt Ocolotfical Survey of India, [vol* ■xiii. 


Table 5. — The Bonng in the Jardin d^AccUmaiathn — contd. 




Cours-o snud, ooutainiiij? pebbles, 2 00 56 70 

moHelH of coiiglomiiaie and debris 
of lerruginouB grii. 

(Wrso sand, pure, containing small 2 50 59 20 
pebbles, (onglomeiatos and fcnugiii* 
ous grit. 

Course sand, blai<4b, coiiiulning small 090 60 10 
pebbles, very white eUi} and fcirugin- 
OUB grit. I 

White sandy clay ... I 0 15 ' 60*25 

White sand, with small pebbles, frng- 3*79 f 66*0J[i 
in on ts of while clay and fenuginuus ' i 

gid. I 

OiejiHli sand, small pebbles, friubh 0 56 06 60 
white gnt and quart^obe .iggloinernto I 

with iron p} rites* I 

llloekish sand, friable while grits, and 0 80 67*40 
the pyritous quortzose aggloraemtu 

Grey sand, and the same forruginoas 0 50 07 90 
rock. 

Greyish sand, small pebbles, the pyi it- 0 70 6860 

ous agglomoi'ale and dec<iyed wood. At 68 85 M , 2ud gush. 

Grey sand, gravel, pyiitous nggloinc- 0 50 6910 
rate, ferruginous gut. 

• 

Grey sand, gravel, small pebbles, decayed 2 10 71 50 
wood, fragraoiits of white and grey 
clay, and the pyritons ogglomorato. 

Grey sand, very Uno and pure ... 0*90 72*10 

Fine black-grey lUiad, fragments of dc- 1 20 78*60 At 73*60 M., 3rd gusb. 
eayed wood and vegetable detritus. 

Medium sand, gvtvel, small pebbles^ de- 4*20 77*80 
cayed wood, and pyrites. 

Medium greyish lA^d* dots of clay, 0*60 78*40 
gravel, small pobVlA^ decayed Wood, 

end pyrites. ^ At 79*04 M., 4tb gush, 

lath Feb. 1879. 

Medium grey simd, gravel, decayed wepd, ' VX2 79'A8 
email pebbles, and pyrites. 

I * 
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on tJic Arimau If elk al Toniichory. 


CluKJ aud samlv Mj' grouping of llic bods gives tbo 

gi ouping of the heds. succession : — 

following 


1 

- 


1 

I tf*i 

F cdt 

Pupdfttial soil , . . . . . . . 

133 

4 33 

A - Cla^\o;^ mumIk ... . . • .| 

9 84 

1117 

>i - AUcrimting conrso flfuuls . * 

12 52 

20 70 

C. — Blaok t ln\ and fino sand . . . I 

8 82 

35 01 

I) - Claje> Minds . . • *1 

419 

30 80 

E Sandfi niihont any olay ... . . • ' 

1:2 30 

52 10 

F — Ittnck cla^s, ^ouicthncs sninb * * “i 

37 OG 

80‘25 

0. — Allprnnting flnnds and cln.>s . . • • 

1180 

101 05 

II — Altoniiitiiig sandj el.ijs and b inds 

8 52 

1 100 57 

I — ITuck hods of black oloj .... 

1«3S 

' 157 95 

J — Fine cai*thj and chi} <y Minds . . . . 

2181 

179 76 

K - Jlcdb of coufto band with sonn fcuuginons iimUu . 

1771 

107 17 

h.— White Hnndfl, clnjoy aud conglomeratic . , . , 

10 18 

216 95 

M.— Sandb with acains of ferruginous gut . . . . 

17 00 

23 1 85 

N. — Fine sanda .... . . ... 

6*88 

21173 

0 --Sauds, gravcll} and ferruginous ....... 

1 10 J.1 

261 -14 


On comparing tliis succession with that of the’ Savana well, there docs not 
appear to bo very much in common at first sight, except 
SavSj^wping*.*^^ depth in oach, there is then the 

same number of groups. This, however, goes for nothing ; 
bat on looking at the groups of beds there does appear to bo some fainfr connexion. 
In the Savana section, there are four distinct seams of clay, B, D, F, and 
H, while in this section there are only F and I* B, in the first, is of about the 
same thickness as the upper clay in the Garden section, which is, however, at a 
depth of 52*19 feet. A veiy slight dip to the eastward, which is notan unlikely 
supposition, would allow of those being the same bed. The clay seam, I, in tho 
Garden well is 48*88 feet in thickness ; but its upper surfaco is very nearly at 
the same depth below F as X) in the Satana well is below B. There the Corre.. 
lation would seem to oeaSO) for wo can hardly suppose the 19*68 feet seam (D) of 
the Savana to hate thickened out so tremendously. No other decided clay seams 
are found in the Garden boring, as if f cmd H in the Savani might idso have 
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run \o the deep Tt sec‘ms more likely that D, F, and H in tke Savana may 
have run inlo 1 in the G-ardens. 

Kiv(‘ rising sheets of water wore tapped in the Garden well. The first rise 
took pJac<' in C, but at a point (vide Table 3) which seems 
to indicate that the black clay and the fine sand are s(*pa- 
rate layers. 

Dnrinp^ the whole time the boring was going on through the groups D, E, P, 
A steady rise Ihnmgli- there appears to have been a steady rise of 

out t^vo thick bands of water until the 1st gush was reached, even with the 
‘***'^"' intervening (ordinarily imi)enneable) 37 feet of blaek 

elnj^s of and the feet of thick black clays of I. It is very difficnli to account 

for this apparent ])ermeability of such beds, oven though the boring was earried 
on at an aNorago rate of more than 3 feet a day. It may have been that the 
partings hetweem the separate beds of clay in each group allowed of water 
poreolating from thinned out beds of sand; indeed if my correlation of the 
lo\^cr group of olay beds with the separated clay bods in the Savana section 
be right, then the intennodiato sand beds of tJie latter section would thin out 
bf'twoen the thickening clays of the P gi'oup in this boring. This closing np 
of the water sheets also accounts for there being no snch rises of water level as 
tbos(^ wlucli i^ere experienced in the Savana boring until the group H was 
passed. 

The Ist gush of watc>r (in tho Garden) took place in the group K at 185*32 
The 1st gimh takes apparently from the freer coarse sands in the seam, 

place below the second On the boring being continued the water fell at last below 
•onmofelajs. ^ ground level, in tho white sands of L, and so it 

remained until tho sands of tho middle of M were reached, when there was a 
2nd gush, which, however, fell to 12 inches below surface in tlio same bods. 
A 3rd gush took place in the fine sands of N, but this water soon fell* to level 
of ground. At last in tho ferruginous beds of 0, the 4th and permanent gush 
was reached. 


Hero there is little apparent correspondence between the lx)haviour of tho 
sprii^gs and those of the Savana well : and certainly tho 
those fnMio i^itermitient action of tho present water-loyors is extra- 
lower permeable seam at ordinary, especially in the ofccurrence of tlie 4tli gush, 
fiavona. which, it is to bo remarked, is from bed No. 62 of tho 

Table (3), which bod does not appear to differ from 60 or 61 except in the 
abitonoe of’sxnall clots of clay. It may be that these clots of clay are so matted 
together as to have formed a temporary impermeable layer. They are present in 
the bottom layers of N, frottt under which the 3rd gush arose, while tho 1st gush 
eame from slightly clayey beds. It seems to me that it can hardly bo said that 
these gushes, viz,, the 1st, and, 3rd, and 4fch, are really from different water 
sheets; but rather that th^,Ji^e the lower Ones in the Savana well, are from 
an irregularly pemeated thickness of sands and some clays which required time 
for free circulation to be brought about. Thus, 1 would suggest that both tho 
Buvana and the Garden well do after aU gather their waters from the same 
j^oup of sandstones* 
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A fourth borine^, in the Villi* Noire, is htill in operation, bnfi aa yet there is 
no definite infoimation as to a satisfactory sheet of 
In piogitbs. risinpf water lia\ing been tapped. 

The locality has boon clioson on eonijianilivol} high ground , bnf, from the 
section, 1 f(‘ar it is altogether too near the Hod Hills to 
Position. nuieli hope of a sufficient suiipl^ of water being found 

in the proper alluvial deposits, though the news of a rising sheet of water is 
hopeful. The boring IS about 800 or 000 yards from the sea, and ii tail} l/ioO 

yards north oE the parallel of the Savana w(*ll ; it is also about 8h0 ^^ards south 

of a large back-water immediately norih of the city. 

The inner diami^ter of ihe tube is 8*4 inches, but now that a dejith of r>r)0 
feet has been reached, it is proposed to insert n sicoiid 

Tubinfif. <. /I i . 1 • T 

tube ot u*4 inches m diameter. 

The following soctionul table (t) is tmnslated from a co})y of the books kept 
Tlio boring section so boring, and 1 have in it again— -though there is hero 

far no sueh vtry decided gronping of the an naeeous and 

clayey strata as in the southern wells — attempted a classification of the beds : — 

Tnhh t — TliC VUle Noire Boihg, 


7 1 

Is 

is 

li 

S'S 

Ukds 

rJS 

x> 

o 

V S 

a «> 

o ai 

^ s 

? 3 


Is 

< 


X £• 

B « 

H 

n i 

Pt 



Natikal Baiiih ’ 

0 r»o 

0 50 

1 


Fine pure sand, yellow ah . ' 

l 00 

1 50 

2 

^ ( 

Mt-dium sand, clean, reddish . | 

0 10 

190 

3 

/ \ 

Fine clean sand, grey ... 

3 50. 

6 10 

4 


Fine groy earthy sand 

1-70 

7-10 

5 


Fine bluish earthy sand ... ««* 

8-60 

10-70 

6 

) ( 

Blockish sand, dirty, slimy, massive shells 
and ernstnooa, small pebbles, grey grit 
very hard. 

3-31 

14 Od 

7 

1 $ 

Blaok clay, P in kmin», mixed with 
sand, shells, cmtacea, small gravel, 
and decayed wood. 

2-27 

16-81 

8 

/ 

Blaok plasrio elay« containing decayed 
wood* 

4’4» 

2080 

9 

i ( 

Compact black clay* mixed with ve*y 
hne micaceous sand, end edUne small 
ealcareeus granules. 

4-28 

ST-S-TiS! 

25-09 


KltMABKS 


Kppresented in boil 4 of 
Savana boring iind per- 
haps by 9 and 10 in the 
Garden well. 
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Table 4 — The Vilh None Bomig — continued 


Gi<>is1i cln^| iinxcil with \li} line bniid ' 1 00 20 09 

Medium Bivndi BOilcd with hlacL chi^ I 1 25 27 04 

Muhum band, One and cleai guy 0 17 28 t1 

Go'll bo duty grey sand, containing small 4 01 32 12 

pchblcb 

Black plastic clay .. i 15 36 ’>7 

Fine black clHyc> sand .. 0 40 30 97 


Da Claj marbled with uddibh audjbluibh 0 02 43 80) 

) tints, CO irsc sand and pebbles | 

^ PuU yellow medium bind, soiUd with 2(K) 15 80 

elaj 

^ Duty giey coarse sand mixed with peb 0 80 40 09 
bles 

Coarse sand soiled with cleat yellowish 160 48 29 

ila>, mixed with small ptbbles of gut 
and fonuginous conglomerates 

Coarse sand soiled w ith reddish ( lay, for- ' 0 80 J9 09 
ruginouH pubbl} gut and small jxbbles 

g, Blucish white plastie cla>, mixed with 120 i 50 29 
^ led sand and some pohblos | 

Palo yellow sand, gravel and pebbles 0 40 50 69 

m 

Sand soiled with reddish ola^ and mixed 045 51 14 

with pebbles. 

Reddish yellow sand, small whito and 9 14 60 28 

red clay galls, gnt and pebbles 

b. XoUow brown medium sand ... 1 60 61*88 

/ X^ftminm of colored olay and pebbles o 86 62*74 

\ C^rc} black clay with icmo giavel 0*29 68 08 

J Plastic clay, ribbottdl hl4ck, yoUoWi rod 080 6889 
Pa and grey. 

/ Pjiastic blad( (day and 9 little sand 020 6888 

\ Ccame pMle argiUaceons sand, with 100 6459 
(F coiotvd cl4y. 
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Table 4,— The VilU hohe 3oYing — coiitimted. 


•2*3 

4.(0 * 

'S 



y 

ij 1 

•ff 4 

' -2S 

i 1 
' I 2 


|s 



UVMAUES 

gS, 

So 
*£ ^ 

SS ^ 

M 5 

£ 

t 

||! 


31 

Ap:glomoration of vogdiblo dutrituA, 
compact lignite and boiuc grains of 
fossil rcsiu. 

091 

1 05 11 


32 

Reddish ckyoy nand, patches of colored 
clay, ferruginous grit and ii on pyrites. 

165 

6700 

These pyritons beds seem 
to be poiwesouted at 
about the same de})ths 

33 

Rlooil-red saud, ferruginous grit, pyritonsi 
and pebbly. ' 

105 

6811 

in the Oaidon well, 
down to 70*52 meteis. 

34 

Medium sand soiliKl with reddish clay ... 

0‘9t 

6908 


35 

Clear red sand and binall pebbles 

161 

70 69 

1 


36 

ll^d earthy medium sand, small pebbles 

210 

7309 


37 

Clear yellow argillaceous sand, gravel 
and milk} -white pebbles. 

135 

1 

7104 


38 

Clear rod sand, gravel and ferruginous 
grit. 

243 

76 87 


39 

Grey black argillaceous sand, small peb- 
bles and 11*011 pyrites. 

0 20 

77*07 


40 

Clear red sand, small pebbles, aud patches 
^ ^ of cluy at tbt bottom. 

5*64 

82 71 


41 

Coarse grey sand, with small pebhtos 

0*48 

83*19 


42 

Pure canary-colored sand, binall white 
IK'bbles and ferrugiiioub giit. 

1*89 

1 

85*08 


43 

Golden yellow argillaceous sand and small 
white pebbles. 

2*81 

87 89 


44 

Yellowisli nrgillaccoub sniid, colored sandy 
clay-galls and ferruginous grit. 

1*00 

I 

89*49 


45 

Dirty reddish coarse sand, pebbles, ferm- 
gioous grit. And patches of color^ clay. 

O'JO 

89*69 


46 

ToUow-iod sand and colored sandy clay 

2*26 

92*15 

i 

47 

Fine yellow^red avgiUaoeons sand with 
patohea or lanunn of oolored 

2*37 

94*52 


48 

Dirty ^yellow medintn argillaoeous iOi&d» 
ferrnginooo mnd gravel. 

2*06 

96*68 


49 

Dirty-grey Md» oloti hliihdi iandy 
clay with V0^1df> ^ 

Oil 

96*69 


50 

j Ashy hlnoplasilO (day 

0*15 

96*84 

J f , ,1 


t^o^ xirr. 


llecords of the Geclogk'/il Sunej/ of Indut. 
Tithh 4. — The rate Noire liortng — continued. 


Dbub 

tr 

•2 

JO 

f a 
g- 

A 

Is 

gl 

Is 

II 

RjiVABKO 

(>rcy sand with clotfl of ooloml clwj . 

0 22 

07 06 


Fine viiriegatt*<l ftrgilla<‘C‘<rtis sand 

0 73 

97 79 


Yellow flftiid w itb clots of viiriogatwl ola\ , 
small pohbloB. 

0*33 

98*12 


Clear-red Rand soiled w itli clay 

176 

99 H7 

• 

Yellow isli sand and sandy clay, small 
pebbles. 

] 19 

101 06 


Coarse yellow sand, Hoiled with elay 

2-53 

103*59 


Ashy grey sand 

0 81 

10 J 10 


Ashy blue sandy clay 

0 10 

104*89 


Variegated sandy elay 

0*50 

105 39 


Grey sandy clay 

306 

108 15 


Pine yellowish argillaceous sand, gra\el 
and ferruginous patclics. 

6 64 

116 00 


Clear purxde argillaceous sand 

100 

116*09 


Yellow sand soiled with clay, small pfl)- 
bles and ferruginous giit. i> 

6-89 ' 

122 98 


Reddish sand soiled with clay, Hmallli^ehbles 

043 

123 41 


Y ellowisb sand soiled with clay 

178 

126 19 


Reddish *grey saiid^soiled with clay j 

167 

126 76 


Yp11o\v sand soiled with clay, slabs (‘ pla- 
quettes’) of feirugiiiouB grit 

5 45 

132*21 


P''ine sand, clots of black clay mixed with 
vegetable detritus. 

0 92 

138 13 


Yellow sand, with slabs or patches of 
colored clay. 

2*98 

186*11 


f'ine bluish -white scud with slabs of 
iron pyrites. 

1*17 

187*28 


Medium grey sand 

1’80 

139*08 


■V Y 

Medium grey-black sand with slabs*^ of 
iron pyrites, 

Aggloumrate of vegdablo detritus xoiimd i 
witk veiry to mm sand. 

908 

0*25 

ia-16 

l«-4l 

SPWPSPBnSf 

^ These slabs are com- 
posed of white quarts 
grains and iron yiyritcs ; 
tolerably bard and com* 
pact. 
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74 

75 

76 

77 

78 

79 

80 
81 
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II 




Ktng: on ike AHtiian IftilU at rvnUichenj^* 
Table 4*^Tke Title Noire J?on?/^-"Conoluded. 

I 


Bkds, 


Coarso black argillncooiif; sand with iron 
pyiiteb. 

Abhy blue clay and vegetable matter •*. 

Foliated ashy blue clay 

Medium grey-black sand ... 

Ashy blue clay, vegetable detiiliw, and 
VI iino sand. 

Black sand soiled with clay, small gravel 
and vegetable matter. 

Diity black-grey sand, small pebbles ... 

Yellow sand, fcnuginous gut and con- 
glomerates. 

Grey sand soiled uiili cltiy, small ])ob- 
bles. 


■i 2 
Off r. •> 

aB tS 

Ma ft r 

“ “ S'. 


0 09 ,112 10 

;U3 ll5 53 
010 ^115 03 

1 37 *117 00 
010 |147‘10 


1*00 

106 

090 

OCO 


148-10 

150 06 
jl5006 

151 56 
16150 


JlBUABKS, 


Watd IS iiBing from tlufl 
depth, and flowing out 
at 2 96 feet below tbo 
surface level, with a 
discharge of 13 21 gal- 
lons a minute. 


Tnitdtioe g<iovjnny. 


» 

Feet, 

Foot. 

Xatural earth • 

1-64 

1*64 


41-41 

4605 

— Thick beds of clay 

45 50 

9164 

C.-^Sands, with teams of pebbles . 

1409 

106 33 

D.— days and clayey sands 

4116 

150 61 

E.— Varied beds of send, pobblyi ooXkglomcraiiCi and clayciy • * 

6214 

202 96 

F. — Clays and clayey sands 

6Cd 

211-64 

G.--^MixGd bods of sand, clays, ahd gvatels 

18077 

848-41 


13-28 

866-60 

1.--Sand8, somewhat clkysy aitd ' « . ' . . 

00 72 

446-41 , 

y, —Mixed sands, clays, and or KrgQhiceotiB beds, with some 

pyritotts sands, and smMi of . 

89-98 

486-78 

E.— Sands with pebbles and oonglesnerates 

U*84 

4WW 


0 
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All tlicsL beds avo still cssonlially loose and incoherent, with the exception of 

„ , „ , , tlio occasional hands or slabs plaquettos’^) of ferruginous 

I ni a uvia t epoai s. ^ belong to the proper alluvial deposits. It is 

true that they are becoming ferruginous and of yellow and red colors, and are thus 
fconiLwliat like beds of tbo Teriiary “ Ouddaloro sandstones of the I^d Hills 
plateau to the north-westward, but tliey are merely the debris of tltw sand- 
stones, the same kind of accumulations occun’ing along the edge of the gfk up to 
the Hod Hills as near the village of Mootnapallom. It may then be that the 
aug(*r is nearing the Tertiary bods, but I do not think it is yet in thorn : 
certainly it was not in them u htm 1 was at Pondicheny, and then the sludge 
jmrup was bringing up stuff from /JOG fwt deep. 

In comparing this section with those of Savana and the gaidens, it would 
seem as though wo still had the two broad series of clays, 
otlujr^orir^s. though th(‘y are hardly so sharply defined and compact. 

The presence of shelly and crustacean remains in the 
Savana and this section is pcuhajis Iho safest ground to go on for a comparison, 
and these arc in the upper parts of the uppeinnost clay bands. Such remains 
were not noted in the garden boring, but it may bo that the clay with vegetable 
deti'itus at GO feet answers to it. Howovci’, if these clay bands are the 
same, it is difficult to account for no gush or even rise in the Black Town 
well so far. 

If the scams of clayey and sandy layers, down to bolownhc second band of elay^ 
be the same, tlien somo explanation may be given for the 
nou^nbo^f”i^ulor.^^ non-rise of water in this boring. From the Savana well 
to the Villo Noii*e section, there is a very slight dip to the 
northward of the impermeable bands, along which sufiBcient friction may be 
developed to stop a rise. Again, the Villo Noire clay seams dip to the garden 
well at a quicker angle : so that really, though the supposed head of water would 
allow of all the scams being evenly filled ui) with water, it may bo that the flow 
to the dij) is stronger than the tendency to rise in the Black Town well. 

This would open up the question, whether the discharge at the Savana and 
Poubt ai to an nn- gardens may not bo suflicient to operate against 

limited supply of water the tendency to rise in the Ville Noire ; and again, who- 
inthePendicho>ry8eamB. water-supply of those wells is so great as the 

implied storage from the two rivers and the wide alluvial basin in the neighbour- 
hood of Pondicherry. 

* SwMART OF Data axd Oosolubioxs. 

The data thus obtained regarding the flow of water, the water itself, the 
sl^ta paBBed through, and tlMI» position ol the welH ^^d the conclusions and 
eonjectnres which I have hem able to draw horn them, may now bo summarired 

as ^ . 

There hike boon a continnonii discharge from aach.pf the wells for one year at 
least, and one of them has boon flowing for two years and six 
^ months^ The hydrostatic level gradhally increased, within 
' a short time, op to a certain point aod has remained so 
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wiiliout any scnsiblo dimlnutiou up to the pro&cnt time. The discharge also 
gradually obtained its present rate, and there has been no sensible decrease. 

The gush must then be due to hydrostatic pressuio, and the wells must 
Tlie wells artesian. considered, as was alwaj^s contended for by Mr. Poulain, 

as properly artesian. 

The water is generally of the same quality and constitution in each well ; if 
anything, that of the Oopallom well is brighter, clearer, 
alltiie ^ bluer tinge. It contains the same vegetable 

germs. 

The borings are all in the alluvial deposits ; but one of them (that of tlio 

rt,, . , - Ville Noire) is near the bottom of these. Tliere is a 

The bniuh of pernio- , , . , . i ^ ^ . -i ■ i i 

ftble and iinpormeablo ccrtaiii relation between the beds pierced m eacli liore- 

sainei ^ bu tbo hole, which leads to the conclusion ihal groups of iliem 

are continuous over tlioarea tapped. The upper clay seam 
or baud certainly appears to be tlie same in all ; it is very nearly tbo bamo thiek- 
ness throughout, audit is the estuarine set of beds usually found at such a depth 
on the Coromandel. The second clay scam is not so clearly represented in each 
section; but there are strong points of similanty. A ]>eeuliar ])yri<ouB set of 
beds associated with seams of vegetable debias occurs once in tlie garden well 
and twice in the boring at the Vilh* Noire, and that in the former appears to 
correspond to the upper one in the latter. 

The Savana, Garden, and Oopallem wells are nearly in a lino ranging, from 
the tiist, in an east-soutlueast line for about 470 yards to 
enstward*^^^^^ garden, and then south-east-by-south for about 770 
yards to Oopallem, that is, tolerably in the lino of dip 
which the strata might bo supposed to have in tin’s locality. 

Ill the Savana and Garden wells, the upper clay seam has n dip of 2^ to 3® to 
the eastward, and from this line ii rises slightly to the Ville Noire section. Very 
nearly at the same depth below the u]iper cla) band comes the second seam, but 
ii has a flai ter ho ; indeed, it would ap])ear to be almost honzontal in the ti’i- 
angular area formed by tbo Savana, Garden, and Villo Noire points. 

A rise of water took place in the Gardens from the sandy bods above the 
Conjecture as to the upper clay seam, which seems to indicate that its head 
OoSlom ^ distance from Pondichony. 

sheet. Water gushed in this and the Savana borings from the 

permeable band below the upper clays ; but the flow did not give , promise of 
permanency. I think, however, the Oopallem water rises from the aronacoous 
band between the two mam clay seams. ♦ 

In both the Savana and Garden wells the jot now obtained began at different 
levels in the arenaceous strata below the second clay seam. It is questionable 
whether these rise from separate shoeis* 

If the upper clay seam preserves its dip and 5s continued to the westward, 
Conjectures as to the it jnigtt drop Up to the surface at two miles back, or in 
lie of the strata. tho bed of the Arianoup or Gingeo river at only a fevr 

miles west of Pondicherry. It is also possible that the lower soam might crop 
up within six miles west of the new vents. On this it is conjecinrable that the 
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Oopallom i\cll may draw !{<;> waters from a source wiiliin six miles of Pondi- 

clioiTj. 

The PoNDiCHCRRy-OuDDAiOKE Alluvial Basin. 

The wells are then all in the alluvial deposits ; indeed, as will be seen later on, 
it was not to bo expected that any but very deep borings could reach the older 
rocks, which by their lio might bo presumed to hold water with a head ; it thero- 
£ 01*0 becomes necessary to enquire into the condition of these deposits in this 
region which give ihis hydrostatic level to their waters at the sea-board. 

Mr, Poulain is, I think, firmly convinced that the head of water is gained on 
Mr. Poulain’s viowfl on distant w^esiom edge of the alluvial plain behind 

thft Bourco and head of Pondicheiry from the Penndr and Oingee rivers, his 
. arguments being fully given in his series of pa]#ors* read 

before the Artesian Wells Commission. The faets relied on are the hydrostatic 
level, much diminished, however, by fiiction in the distance traversed by the 
water ; the immediate growth in it, after discharge, of vegetable matter similar to 
that seen in the river mentioned ; and an apparent rise of tho hydrostatic level in 
accordance with an observed rise in tho rivers. The endurance of tho flow is 
again very suggestive of a constant and large supply of water, such, indeed, as 
we might think could only be kept up by two rivers of this size and a largo basin 
for its rece])tion and storage. 

The correspondence between tho rise of the rivers and any rise in the jets 
requires more and very careful observation, and Mi. 
Poulain expressed himself to me as not being very sure 
on this point. The vegetable maitor is certainly similar to that seen floating 
along tho river channels, but the same growth may bo observed on the surface 
of most wells and cci’tainly in tho channels leading from them. Little can be 
made out of tho quality of the water, for it must have undergone many changes 
in its passage through tho different beds, even if it percolated only along one 
series. I should certainly never take it to be water from tho higher levels of tho 
Oingee or Pennar, for, outside of the alluvial area these waters* have travelled 
over gneiss which is frequently weathered, and over soda soils. To all appear- 
ance, it might have come from the great tank some 7 or 8 miles to the west of 
Pondicherry, 

l^owever, there is tho hydrostatic level which requires a head, and some 
distance is required for that in a gently sloping plain. For tho constant and largo 
supply of water, so for, tho difficulty is not groat, the whole amount discharged 
from tho three wells in the year being only about lfl0,065,97fi gallons, or say 


BcmarIcB on these 


The Fundichorry-Oudd|Jnt!f» Ulluvial ;|plsin or bay may be said to have its head 
sUuviai biisiii ^ Wo'go o£ AUaba^i on the Ponn<r at about 27 miles 

west of tho|oa shore. From this point, tho bay widens 
out to the cast-north-easi end oast-south^ewt, tho one edge going away, without 
much indeuiatitin, towards Ouddalore, whipb town |s situated on the southern 
arm or horn of tho plain, while the other |ienda round in two loops up 

« ^ XrATUm do 9 Lociilc^, rondioboriy, * 
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the Gingee vallejr before it trends round again with a south-east curve towards 
Pondicherry. In this way the plain widens out considerably for a time until it 
has a breadth of some 24 miles, and then it closes in towards the sea-coast to a 
breadtJi of some 12 miles between the low plateau headlands of the lied Hills of 
Pondicherry on the north and Capper Hill near Cuddaloro to the south, afler 
which it again widens out to tho sea beach by the two arras or horns alr(»ady 
mentioned, only the northern horn is flanked to the sea hy tho lied Hills, which 
drop down in low clifEs to tho bolt of sea sands* 

1'he area of the plain may bo roughly stated at 500 scpiare miles, and tho bonnd- 
Itfl area &c rec('i)tivo of waters from tho adjacent rising 

• * * ground may ho taken ns 150 miles long, Tho drainage 

supply of this basin is, however, tremendously increased by tho two largo riveis 
flowing into it. 

An estimate of the surface inclinations may be made from a cnlculalion hy 
• r i* Canuol, who slates that tho villap^ of Villapurain 

acomc a loui. rnilcs duo west of Pondicherry) is 154‘84 feet above 

moan sea-level, which would give a rise of CJ feet in the mile. Allabadi at the 
head of tho plain is about 12 miles further west, and at tho same rise would bo 
232 feet above tho sea ; but as Villapuram is at Ibo end of a spur of ratber 
elevated ground between the two rivers, there can hardly be sneb a difloronco 
between it and tbo bod of tlie Penndr below the abo\o village. It will bo safiT to 
take the level of the river bed as about the same as that of Villapuram : so that 
from its debouchment on the plain to tho coast there is a fall of at least 4'36 foot 
in tho mile, 

Tho basin in which tho alluvial deposits of tlic plains are laid down appears 
Torm of the baBin and gradually from its western edges, but to deepen 

the lie of its alluvial do- more suddenly on its north and south edges, though it 
again has a shelving edge on the seawaid side of tho 
Pondicherry Bod Hills. Tho borings themselves do not show very much as to the 
thickness of the deposits, though that in the Villo Noire makes it 542 feet, com- 
paratively close (about IJ miles) to the Bed Hills. As far, too, as those borings 
go, there appears to be a tolerably flat lie of tho bods, or at any rate a very low 
dip of between 2® and 3° to tho eastward. 

Tho floor of the basin is a wide hollow worn in the gneiss or bottom rock of 


the country, its northern and southern edges being of tlio 
Tbo geology of the floor. i i a j i i i ® 

overlying cretaceous and tortiaxy strata which ^ wore once 

continuous over what is now tho hollow. The latter formations are dipping at low 

angles to the eastward, and form a sightly elovatod country to tho westward of 

Pondicheny and Ouddalore { so that a tmvorso from either of these places passes 

from the alluvium to the rising plateau hills of red tertiary sandstones and 

conglomerates (Cuddaloro sandstones) of the Bed Hills, across these and down 

to a lowlying belt of otetacnons roo]ks» and then on to tho further , rising grounds 

of the crystalline qr flooi* rooks. At tho f oudichorry side, this order of outcrop 

is not quite so regular ; hare the tod sandstones have* not been so completely 

denuded to the westward, asA thus i f»atoh (tho well-known fossil wood beds) of 

those still remains at Triruoari lapping over the cretaceous beds on to tho gneiss. 
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Tho stratigraj)hjr of tho formatioDs older ihan the alluvium is thus so far 
favoi’ahlo for artesiau boriugs, were the latler carried to a sufTicicnt depth; but it 
is just 111 is depth and the probability of having to pass through tho hard and 
coarst' gi'ith and conglomerated of the Cuddaloi*c sandstones which would make 
them iijipractioablo. 

Considerations on other local Hies suitahto for artesian wells. 

The wells are tlion sunk in the noilherly seawaitl corner of an extensive coastal 
alluvial plain or basin, into which flow two large I'ivers whoso waters may be 
relied on in great measure for keeping tljo perm(*ablo strata well tilled, and which 
spr(‘ads back far enough from the coast for its surface inclination to give a 
head to those waters. Such is the broad and j)aicnt condition of affairs hero ; 
hence in enquiring as to the suitability of other paints of the Coromandel (or 
oven further inland) for artesian borings, the most evident r(*quii*ement is 
that they should have all tho capabilities of the Pondi cherry- Cuddaloro basin 
to ensure success. * 

Novcrtlieless, there are certain })oints (some of them already hinted at) 
Doubts as to the no- make me doubt whether the si2e of this basin 

ecsiity for so largo a or the large supply of water ;i‘eceived into it, or even 
^***'“* the head attainable at the entrance of the rivers on the 

plain, are really necessary for the discharge and hydrostatic level attained. It is 
a question with mo whether, for instance, the same hydrostatic level could not 
bo attained with a much lower head, at a lesser distance from the vents ; iliero 
being no doubt that tho supply of water, obtained so far, is not beyond what 
the Aidancup river could give to absorbent strata only a few miles from its 
mouth. TJio iri’egular oscillations of tho water rise in the southern bore holes ; 
and the failure of a rise in the Ville Noire boring througli all the strata which 
appear to coi:j’ospond to those of i he fojinor wells and for such a depth seem 
also to point to a head not far distant, and only a moderate supply of water. 
I tind it hard too to believe in the implied groat extension of tho impervious 
scams or bands met within the borings ; tbo few outcrops of alluvial strata which 
1 havo seen in high river banks liaving generally given indications of ultimate 
thinning out within comparatively short distanoos, for the most part up, but 
very often down, the river’s course. It is again difficult for one to conceive 
that the borings, so very shallow in such a wide plain, south of the town, have 
run down anyw^herc near strata holding water absorbed in the higher reaches 
of th 6 rivers within the edge of tho basin. 

The town of Onddalore, situated as it is at tbosonihom seaward comer of the 
saxne basin, is, qn the face of tho most obvious place 
to try :l^t. But the city of Madras is for many reasons 
the xnoi^ important site* At the same time, there would 
appear to be even better sites than CuddalorO; on the deltas of the Canvory» 
Pennir, Kistna; and Godavorit J ^ 

Madr^} though on the edge of a remarkably long belt of coastal alluvium, 
Mwlwi ttt dght “ “ fponiiof only > ssiall aUttvial bay or plain, 

uot in&vorably titaat- n'xy much emaller than tIuMiOf the Vtonob settlomont: 

60 tliat if it wore necoesaiy tq go entiiely on tbo cbarac. 


Ollier localttiesof al- 
luTial depoiiti. 
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tors of the latter area, there would not be much ]>robabiIit 3 r of success licre 
Its alluvial deposits are, however, not confined to this bay, but are conned cd, 
to the north-west, with the great flat of the Cortelliar and Namaveram river 
basins, the permeable beds of which may trend down in this direction. 

This western plain is flanked to the north and south respectively by the 

1 , . 1 V f^®d Hills and by the St. Thomas’ Mount raiiffe of hiffh 
It«i proper oHuvial bny , , ./ ^ , .® 

bthhII, but still possibly gronnd, w nonce it spreads outwards and seawards, joining 

nljlo to supply water Cortelliar alluvium on tlic one bido and strei clung 

with a head. down the coast to Covelong on ilio other, tt extends to 

tho westward by a long arm, at the west cm end of wliieh it is again connoeU'd 
with the Cortelliar alluviums by a narrow neck across the south-wosierly e\ten* 
sion of the Red Hills plateau ; and it sends anoiher good arm to tho south-uost 
past the Palaveram hills. Its extreme length to the western neck is about 20 
miles, the breadth between tbe two low headlands being about miles. Tlio 
receptive edge is not more than 80 miles in length, and the area, nicluding the 
stwteh to the coast, is at a rough calculation about 175 square miles. It is only 
fed by tho Tiiplicano (also called the Madras river and the Cooum) and the 
Saidapet (otherwise tJie Adyar) rivers, which have, however, only small drainage 
areas. There is a possibility, bowe\er, that a fair supply of water may bo dniwn 
in at tho western nock by tho narrow channel there connecting tho Cortelliar 
alluviums with those of the Triplicane river. In fact, unless tlioro is a supply 
of this kind at that point, no head of water c«sn, J think, bo reckoned on until 
within 8 miles of Madras, when waters would have a sufficient receptive edge 
and length of river bed for their collection. 

There is every reason to suppose that tho uppermost*of the two clay bands at 
Pondicherry may oven he found in the Madras plain, tho same kind of shelly 
deposit having been met with in the few shallow borings which ]^ve from time 
to time been made, while the extent of tliis plain compared with the size of the 
streams flowing into it seems to indicate a wide-spread or westward extension 
of estuarine beds. 

I have already expressed my opinion that tho water of tho Oopallem well is 
from the permeable band under tho upper clay seam o^f tho Pondicheny plain, and 
there is just a possibility that this permeable seam may crop up in tho Gingoo 
or Ariancup river a fow miles west of tho town. This is a bare possibility only, 
which, however, does not practically affoct the Pondicheny supply ; but it is the 
oidy supposition which gives promise of any riso from small basins Mko that of 
Madras, and it may be that the head gainable at G or 8 miles from the coast 
would be sufficient for a riso* The quantity of water is, I bolieve^ attainable ih 
the Madras bay, within 8 miles of the town. 

Fortunately, however, as 1 think, for Madras, it is situated on the southom 
The pmximitr of the Cortelliar and Namaveram plains, and in these 

Cortelliar and Kamaw^ there arOi to ali appearance, all the necossaiy require* 
^ plrim. ments as to head of water gained by distance on a gei^tle 

rise, combined with a very Jatge m&ptiou edge. The Cortelliar plain is also 
joined in a remarkable wajf trith that of the Palar river at a point above where 
the latter has a clear dhnnnel through tho gneiss, and it is not at all toj^robable 
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that there is at thiB high level barrier a tako-oH of the Palar waters into the 
CorioJhar basin. There is, of course, first the chance that the permeable beds of 
the Oorlclliar may not stretch downward to and under Madras ; but tliis is hardly 
to bo CTpectod, after what is known of tho tailing-up of the water-bearing 
strata of Pondicherry, even though that town bo on the north arm of its plain, 
and that there is a well-known tendency of the rivers on tho eastern coast to 
trend up to tho northwards in their alluvial basins. 

There are, on tho other hand, dangers that borings may meet with obstruc- 

Obstacles in the way enough at Madras 

of an irrepfnlar bottom to itself, though it is possible those may not be oncountorod 
bo tvjwcted. ^ short distance west or north of the city : indeed, the 

chances of rcaoliing the Cortelliar beds would bo increased the further north 
tho trials were made. The line of the Palavoram and Mount ridges of gneiss may 
extend for some distance underneath tho alluvaums towards the town ; in any case 
the more rising ground itself has a tendency to shelve under tho Adyar, and this 
floor would very likely come within the range of shallow borings. Again, it 
appears* that a boring was many years ago made at tho then Inland Customs 
House at Madras, three-quarters of a mile from the sea, to tho depth of 55 feet, 
which reached tho crystalline rocks. Tho obstacle may indeed have boon a boulder 
of those rooks, such being sometimes met with in tho alluvium, but tho likolihood 
is that it was a sub-alluvial extension of tho Mount ridges. 

The section* in this boring was os follows : — 

Ft. In®. 


Sand and clay « 

Tiight-colourcd sand and clay 
Stiff clay 
River 
Black 

Blue clay with eand and lime and pieces of ironstone 

Granite and qnarta rubble 

Clay and gravel mixed with broken granite, quartan mica, dic. 


mixed with sand and nbab ^ 


8 0 
1 0 
8 6 
5 6 

20 0 
12 6 
0 6 
9 0 


ToTAn . 65 0 


■ See hTanhal of ihfO Geology of India, pt. I, p. 428. 
• l^ewboM * iTotira. Royal As, Soc , pt. VIII, p. 248. 
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No. 1426, dated 7th July 1879. 

Proceedingp of ihe Govertment of Madras, Beveuve BeparimcnL 
TKANSLATION. 

Ejctractfi'om the ** Moniteur Qffickr' of the French Setthmnits in India, dated Friday, 

the dth April 1S79* 

Abiesui? Wells. 

In publishing the report of the Coloni<il En&:ineer, President of the Commission on 
Artesian Wells, on the boring operations earned on in iho Jardin d'Acclimatation, tho 
Administration desires to draw attention to the important results obtained, and to tho hopos 
whieb tins successful experiment should give rise to as regards thetntorests of agriculture. 
It is, in effect, advisable that private industry talcing advantage oC the experience acquired, 
should apply tho same processes to borings to be made in other parts of the toriitory. 

The Administration proposes, moreover, to utilize tho appaiatus which the Colonial 
Council first thought of getting out from Fiance, on works for which sanction will be 
requested from the Elective Assemblies, with the view of extending these boiing operations 
which are moro productive and useful in this Colony than anywhere else. 

Enclostjbb No. 1. 

Bepori on ihe Operations of Boring an Artesian Well in the Jardin d' Acclimataiion 
at Pondicherry, dated Pondicherry, 2ith March 1979, j 

Mens, V Ordonnatear. — Conformably to your communication, No. 3113 of the 16th 
February last» 1 have the honor to forward a full repoi t on the operations connected with 
boring an artesian well in the Jardin dAcclimiUtion at Pondicherry. 

In order that tho report may bo complete, I have deemed it necessary to go back to the 
formation of the Commission appoiniod by order of the 23rd February 1377, and to the. 
commencement of the operations which decided the Administration to encourage and popu/ 
larise an advance in the means of the Colony, and of which thp results ought to prove most 
beneficial to agriculture and rural requirements. 

Consequent on the success achieved in sinking ^an artesian well by the aid of tho 
Savana” Machine as carried out by Mr. Charles Poulaio, Manager of Poulain's Spinning 
Factory, a Commission appointed by an order of His Excellency the Governor, dated 23rd 
February 1877ii presidency of ibe Colonial Engineer and Chef du Service of 

Boads and Bridges, proposed to the Administiatiott on the 20tb of June of the same year 
that A complete set of machinery sfor boring shtmld be procured. This Commission inti* 
mated their preference for that of Messrs, iKlgons^ and Lippman to any other, and sug- 
gested timt a sum of l,SlQ0 fh^nos should be pMeed at the disposal of Mr. Charles Poulain 
(who found himself withoi^t Ihnds) in order thgt he might carry on his work. 

The machinery arrived in the Oolo^iy oh the 4tb September 1878» and the OommissioDf 
aftet visiting the Jardin were Upanlmonsly of opinion that the ife{l ongh^. 

tobemkinthee#r0hfthoh|8^4t!uij^^ that situation being the one which 

ofiemdtH greattf^t fariiity large an extent of ground pvesumiog the 

pTohable viiim ^the ^ 
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After fitting; and erecting the crane, the works were carried on under the eupenrision and 
witli the asf>istanc 0 of the Depaiiment of Hoods and Bridges. First of all, a small well 1'80 
metro deep was dug in the centre of the basin, at the bottom of which boring was begun on 
the 30fch October 1878, commencing with tubes of a diameter of ’26 of a metre. The work 
which on this date has reached 79m. 62c. in depth has passed through the following series of 
geological strata:— 

Table of Geological Strata of the Artesian Well bored in the Jardin d* Acelimatation at 

Pondicherry. 
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Tahls of Geological Strata ofiho Artesian TFeli bored in the Jardtn d'A<!clmatatio7i 

eit Pondieherrg'^Onid., 


u 


16 

17 

18 

19 

20 
21 


Dfttes. 


24 

25 

26 

27 

28 


16th, ISth „ 

18th,19fch,20tli,and| 
2l8tNov. 1878. 

2l8t, 22nd, 23rd 
^ November 1878. 

23rd, SSth* and 26th 
November 1878. 

2Gth November 18781 


28 tb and 27th Kov. 
1878. 

27th November 1878{ 

m 28th Nov. 
1878. 

28th fTovember 1878] 


28th and 29th Nov. 
1878. 

23th November 1878| 
29th „ 

80bh « 

80th „ 

30th „ 






Od^ficftl Strata. 


Fine sand and decayed wood... 

Fine pure sand ... ' ... 

CiloBe black clay with vegetable 
detritus. 

Black clay mixed with fine and 
moderate sized sand. 

Black clay mixed with sand and 
small gmvel. 

Black clay mixed with moderatej 
sized sand. 

Fine sand stained with clay ... 

Fine grayish sand ... 

Hard black clay mixed with 
very fine sand. 

Moderate sized grayish sand ... 

Black sandy clay ... 

Fine gray sand ... 

maojk sandy clay ... 

> 's . '* 

Fine with clay 

FinW Sahd and lumps of 



•SZ 


M. 

1- 58 
2*20 

5'40 

2- 90 
0*20 

2*80 

0*20 

1*10 

0*16 

2*15 

0*15 

0*66 

1*20 

0'^ 

0*80 

6 ' 76 j 


."m 


M. 

13-60 

16-80 

21*20 

24-10 

24-30 

27*10 

27*30 

28*40 

28*55 

80*70 

80*85 

dl*dO 

32*60 

3800 

38*30 

:4tm 

'M-00 

„W^«s 




' <'i^\ 


Rbvabxs. 
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lyuhle of Gtologicdl StT(tta tf thB ATtaidti "Well bored tn the Jcirdtji d* AecHwatuttoH 

at I^ondicheny ^emtd. 


Oeologioal 8 (iat« 


II I 



36 14th, 16th, 17th, 

18th Doc 1878 

37 18th, loth. 20th 

Dec 3878. 


M M 

Fine ifiiid, earthy clay IcsB dark 5 sq 54 70 


88 20th, 21 st Deo 

3878, md 2ua 
Jiunmiy 1879 

30 3id January 1070 


Coaiae otnyey sand mixed with 
small graiil. conglomeiutes 
and forrugmous snndstoiuicu 

Coaise pure sand (same ma 
tor^ils as above) 

CoHiae whitish Sind inmd with 
small gravel, vciy white clay 
and terroginous suidstoucs 


40 3id, 41 h Januaiy 

1879 

41 4tb. 6th, 7fh. 8th 
j January 1870 


White sandy clay 


(5650) let gushing 
200 5670 out of water. Them* 
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the followin#? composition, as embodied iu the Proceedings of the Commibsion of the 28th 
December 1878 : — 


Sulphate of lime . • . . 

Cuboiiate of lime «... 

0,1050S 
■) ( 


Silica 

> 0,0210 

■Substances precipitated by 

Magnesia 

Iron (tiaces of) 

Chloride of soda . , . . , 

soap and water. 

.3 j 

0,1800 

Total 

0,3060 



Tliesc proportions not constituting a pcifcctly diinkable water, though very useful f('r 
watejing the garden, the Commission determined to cany on operations to a greater depth, 
T1 e tubing was accordingly continued with pipes of the same diameter as at the beginning, 
Piom the 30th December, under the impetus given to the works, the hydrostatic level com- 
menced to fall, and in consequence the dischaige of water underwent the same diminution 
From 1*28 metros which it had attained, there was not more than 1*005 of a metro on the 3Ut 
Deumbor, *83 on the 4th January 1679, and on the 6ih (having attained a depth of 62*51 
moties), the level was *01 below the level of the ground. 

From the Cth lo the I3ih January, the works were continued and pushed on to 68*75 
metres. On <he 13ih, a second gush of water showed itself, which rose at length to 0*40 of a 
metre above tiio ground, but ilie piping became more and more difficult. A deviation of *07 
of a mcti’c had alioa(fy boon noticed in the vertical pi ejection of the column which caused 
friction at the bottom of the last pipe, the soupape a boulet continued to act, but the results 
were very poor. At one time, every effort that was made, could not overcome the resistance 
in sinking the column on account of the pressure of the sand against the sides. The situation 
was seiious and very einbariassing. It was seen, moreover, that the hoop which protected the 
bottom of the first pipe was displaced, and that the “ trepan ” of the “ soupape ” struck it at 
every stroke and brought away fragments of it It was necessary to use repeatedly the large 
tr<?pan which entirely detached the hoop and ground it into small pieces. The crane which was 
lifted by the pressure of the jncksorews was successively charged with weights varying from 
1,920 kilos to 5,070 kilos. Notwithstanding this pressure, the resistance was still great. The 
♦* soupape a boulet ” continually brought up the di^bris of the hoop and the pipe to which it 
was rlvetted ; the work of boring was almost at a standing, and the crane continued to rise. 
It was then loaded with a total weight of 19,290 kilos, A small sounding probe was lowered 
down the tube, which penetrated to a depth of *55 of a metre in the ground and brought away 
traces of blrtish clay. The boring was then at 68*81 moires, which showed the depth sunk 
during the day to be only *06 of a metre. The hydrostatic level which rose for a moment to 
1*03 fell to ^*95, and, on the 16th Januaiy, was not more than *25 of a metre above the 
ground* it sose and fell, alternately, from *78 to *69 of a metre, and eventually fell down to 
*18 beW the groundJevol, Vf'hile tha lubes were not able to ba drivOn in more than *67 of a 
metre in a weak* 

The works were proceeded ftevortbeless, but the results weilra vejy poor* We were 
however^ on the point of overeeming m resistanoa to the driving in of the pipe. When the 
column had passed the water^'b^iMdlug *>trata, the Water caused an opening between the 
eaierior 6( the pipes and the ground penetrated, ftm thdt time the work became easier - 
mistance diminfehed/ and tho « soupape having roa«kedi||e enarse dperations became 
a great desl more gutltfeotory, ^ 

On the Brd Vebrnery* tliere was a third gush ol water, the hydrostatic level of which 
1 Qse h) *88 of a moto ehore the levri of the ground* The boring had mehe^ to 73*60 



IPAKT 2,] Jji/tendix L 145 

metros. This fresh gush of water, like the one which prereded it, made the sand flow hack from 
*50 of a metre to 1*20 metres into the inteiior of the tube. The w'ork continued by means 
of the small soupape it boulet, and wo then attained a depth of 79*114 metres. 

At length, on the 13th February, after penetrating a stratum of very fine sand mixed 
with giits and remains of decayed wood, the hydrostatic level which bad remained at about 
the level of tlie ground rose to *62 of a metic, and continued under the impetus given to the 
work to rise giadually to 1*48 moires in twenty-nine days. This is the jet we now have. 
The water is very clear, does not taste bad, and boils vegetables perfectly. It marks 98 on the 
hydrometer. Its temperature is 34''30'. 

The discharge of water was, on the 13th February, at 10 a.m., 140 litres; in the evening 
it was 268 lities; and to-day, the 20tli March, it has reached to CG6 litres a minute — a 
quantity more than suiTicicut to irrigate the Jaidin d'Acclimatation. After several attempts 
to extract the bottom of the pipe, it was discovered that the force of the rising water brought 
up sand to the surface, and that the detachment had been effected si)oxitaneousIy, Tlio boiing 
has reached to 70*52 moires. It took 89 days of 10 hours each of actual work. This ga\e 
an average per diem of = *89 daily. 

The following have been the general expenses : — 



F. c. 

r. c. 

Construction of the crane .... 

1903*52 1 

. 257033 

Transport and setting up, &c. . 

662*03 , 

Value of 80m of pipes .... 

234000' 

. 3420-00 

Expenses of packing, freight and insurance 

1080*00 . 

Hire foi driving in the pipes 

1630*12 

* 1030-12 


Total . 

7620 67 
257055 

6050-12 


If from this sum the cost of the crane be deducted, which was Fr. 2570*55, the real cost 
of the well will be only 5050*12. 

This makes the cost of each running metre in boring =63f. 50e. 

This expenditure is really very small when we take into consideration the dreadful 
famine which raged through this country in 1877 and 1878 in consoquenoo of want of water. 

One can now assert with certainty after the success aehidved in boring three wells within 
a radius of about 800 metres of each other, and at depths varying from 38*53 to 79*52 
metres, that if the calamities which famines involve on the Coromandel Coast are not com- 
pletely overcome, their disastrous consequences can bo considerably mitigated by sinking arte- 
sian wells, ^ 

««*###* 

This being the first attempt at boring to such a great depth in this country, 1 have thought 
that, from a scidhtific point of view, it would he useful to have in France a complete collec- 
tion of geological specimens of the strata penetrated, With this view, 1 have caused a 
case containing an outiuct from the register of borings with all the specimens and four 
bottles of the water fiow issuing from the well to be deposited in the Magasin 04n4ra!« 
1 think M.rOrdonateur that this case should be forwarded to His Excellency the Minister 
of Marine and Colonies, whit vemli ptobahly nmke it over either to the School of Beads and 
Bridges or the School cd Mines# ^ , 

(Signed) A. OABBIOB, 

L'lugdnienr, ColofiH 
Chief du Service des Points et Ohauss^s. 
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APPENDIX II. 


r rpentvee^ of Mr, C, Poulmn in the honng at the Banana JP'hlatnre JBHracted from 
Travaux dt^ Commibeiona Locah&f (Commissions des Puds Arthiens), Pondi* 
rhirry, 1H17, 

L’outillagc, dont U ost inutile de donner le ddtail estcolui oruployd pour le sondago a la 
coulc a])pold sondage chinois avoc quciques modiiicatioub facilitant lo travail dans los terrains 
(|uc nous avons icncoiibics Nous avons employd j our tuber Uotre trou de sondo un tuyau 
rn (uivie lougo do 14 contimbtics de diauiche intdxicur ct d^unc dfpaissour do indtal do Om 
<)()nui/in. Lalongutui do duiquo tnjwi vaiiait de 2 in. 50 c. ^ 3 mHres. 11s sont r^unip 
I un a 1 'autre jKir un manckou do memo in<5tal et do memo dpnissour fixd au moyen des 
iivets. 

Un pnitM do soi vice do 2 metres do profondeur a (5t<? oreusi!^ et un echafaudage compos 
de 2 bigtu^s ot 1 tiaveise a rempla<‘d la clidvre qu'il aurait fallu construiio* 

Tout dtant pi (t, le sondago a commciicd lo 18 fdviier; nous nous sommes servi de la 
euillbjo a pouiiape de Jobavd Nousdtions dans cotte coucho de gros sable qui est trbs- 
einploy<^s d.ins lo pays pour la fabrication du mortier. La profoudour dtait alors do 4 mbtres, 
nous avions 50 cenliiiieti< s do hauteur d’eau dans noire tube que nous descendions au fur ot 
ii mesuro cn lo cbai geant do gros poids de fonlc ct lui communiquant a force de bras un 
tnouvemont do va-ot-viont au moyen d’un iournc-a-gauebe foirad de 2 pieces do bois a 
machoiics bouloniK^es foileiiiout sur le tu^au do tubage. Le travail mavchait lontement, la 
quaiititd do sable nimon^'e dtant lic's-faible. Los olapets s’engagoaient souvont quoique nous 
ayons eu soln do garnii la chami^ro do cou\-ci d’un tube en caoutchouc au centre duquel 
passalt la broeho «(tTvant d’axo a cob olapets. Do plus, I’^crou de retenue centre lequol il 
allflit faiio ebuquer le mouton a U monteo pour opdior la feimeture dos clapets, se d6tdri 
orait. Nous fdmos obligd, plusieurs fois, d’en mittor la t5te. Enfin, Tdqrou se cassa, lais 
sani reraontor le moutou taudis qne la cuilleie a soupape restalt au fond du trou. Nous 
n’otions alors fort lioureiisomcnt qu’^ tJ m5(res de profondour ; ce qui permit de remeper fa- 
ciloinent la ouiilbie restde au fond. Nous trav.iillons ioujours dans la memo couche do sable 
mdle do quelquos cailloux roulds, Ics uns blancs tels que cent que Ton trouvo au grand-dtang 
es autros noirs, ternes et quelqucs-uns ay.mt un roflet rappelant le chatoiement de ces pior- 
res oonnues sous le nom d’oeil-de-jobat. Nous avons dgalem^Ut ramend de oette profondeur 
quelques pieires a arrfites vivos, nullement rouldes, resspmblant i des ddbris de basalte efc 
d'amphjbole. Quelques-unes avaient une apparenoe verd&tre. Nous rdpar&mes la cuiUero a 
soupape> mais oraignant un nouvel accident, nous construisimes une soupape h boulet qui 
lonciionna admiiaUment jusqu’it la profondeur de 7 m. 40 c. oh nous renoontrllmes une 
couche dV^ noire mdlde m^me sable et de quelques caiQcux^ 4u bout de quelques 
coups de $oiide» none ratnenhm4<i des fragments d'avgile noire qtu formqii une uouebe com# 
paote h e» juger par I'effort qu'dtaient obligds de frire nos hoxnme|i pbur ddgage^ VoutU. Le 
trarall marpba encore leniemeuty dtions Uji m 13 fdvrier. Nous ne ramenions It ohaque 
coup do soUde que de fort petites ^Il||])ti|intiie8 d'at^ile; nouC pensHmes que notre outU gind 
dans su chute par une hauteur d^eeq w do 4 mHres, u'avait pas assea de poids, Nous 
suspendtmes alors, au moyen d*u|i l^ibt^lage h boi|^ sUr les de la soupape h 

boulet, un cylindre en fet de 6 oentintolres de di^JU^tte ^ U o4litodtt^es de longueur, 
L'outJJipdud<p^t|4ol;spltts l^rofonddqient dani )a hn'rcMiMlt foirt pen encore. 

Nous ^api&tnce alors an couteau oiwulaire de Id en etdix de 

rout;ide Collet de iEteiine» oe qui eat jour rdsuli^ldt dctte'^rtie 4u cylindre en 

qmtre comjartimente prdsentaot chaenn une sui^ d’eA^idfChee wn supdri^jure b celle 
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pxwtaut pr<?cedem?iient Le travail man ha uu peu plus vajmlement el leiineau del eau 
baissaiifc dans le tube acliaque coup de sonde, nous amvaiiicy le 14 fdvriei an soir a 7 in. 80 
0 , La ^Luse dovonait plus couipncte et ne contenait piesquo ]>is do sable, nous y remut- 
quAmea quolques piillcUes naor<?os, ayant h jmiic un millinittie eand de sutface. II nous 
Milt; ensuitc des dehils do coquilles naades tl^s-nlollcs a humide so feuilictaiii sous 

Tangle. Nou*> n'sldtiies dans cette oouelie ]u8qiT an 10 vers midi, Timu avail dispuii totale- 
ment dn tube dans la matinee, ce qui iudiqnait quo la conche do ghiise dluil parf iitoinent im- 
peruu^ible La profondem attoiiite tHad do 10 mbtres enviion. Dsns Inpi^s-midi, Teau 
lepaiut dans le lube, nous dtions Alois a 10 ni 28 c et nous rttiiA.ines du loud du sable 
qnnit/eu\, bouilld d’aigile none. Apl^fi quelques coups de boiuU. 1 .iigilo noiie icpaiait, 1 * 1*111 
qm dt flit icmoutdo dans lo tube ju*^qua 3 m. 50 c. do la sin lace, nbai^be et fiiiit pir 
disparaitie; nous continii&mos notien loinges eii veisant do Teau d ms notie lube el raiiien lut 
toujour^ do la glaiso noire bien plastique, pure de tout moUiigc. Nous contiiiutimeb aiiisi 
jusqu* an ]7 nu soir, nous elions anno a la piofondcui do 10 uii ties. Lo tii^au de iiiUige 
descoudait dillicileuient quoique nous ay ions flugnuntd Ics poids de diaige et le noinbro de 
nos hommes agissant bUr le touTno-ii-gambe. Notio diet soiideiu sapci^ut alois quil so 
produisait dans lo tube un bruit resseniblaiit la chute d*un jd d eau dans le h>ud. II etait 
presque nuit elose, nous ant tames le ti avail. Le kndeinoin iimtin, lo ineme biuit se pto* 
dnisait, mais le soleil dtait encore a Thoriaon, il nous dtait imposHiblo do iieu distingue r dans 
le tube. Nous essaj&mes a manoDuvie^le tourno-a-gauche, la lesistance etnit giaudo nous 
remaiquA,mes que le biuit de jet d’eau auginentait ; nous dcscdnlinies dans le ti\>au uiio 
lami>e allumee, phicdo dans un petit seau qui nous avait seivi a pieudie dts tchantillons d euii 
dans les moments de lepos. 

Kous d^couvrlnies alois une tissuie qiii s’etait piodnite u la soudiire d’un dcs loints do 
n6tre tuyau. Nous ddoidAnies immddiatement quiJ lalJait piocddei an lei.igc du tule pour 
en laire U rdpaiation : apibs des eH’orts 5noimcs au inoyeu dcdeviei ol tloJao^ tu>nu 

c^da et vmt avec facility j raais une longueui de 11 mMies dtait icstdo dans le fond du iiou do 
sonde ot son extrdmitd supduouro dtait a 5 mMies en oontiobas du sol Nous £imos ausaitdt 
creuser noire puits do service jusquau niveau do la preinibre coucho aqvii 11*^10 ; an luoyen da 
ploiigeurs, nous coulamos 2 m. 10 c. de'oouroiiues en teuo cuitc, notio tn^.ui so trouva ainsr 
ddgagd de 60 centimbtics dufond du nouveau puits. Pour facililor le ti avail des foigerotis 
qui devaient lodrcbsor lo tuyan et y placer un s^stbrae d’airacbagc, nous install toes deux 
pompes h> inoendie du inodble d^ la Mile de Pans. Enfin, le 28, tout le tnal dtait idpard, 
nous avions de plus vide le tube de sondage qui s'dtait rempli jusqiTau lond et nous dtions 
redesoendu au point ou Taooident nous avait surpris. Nous sommes toujours dans la 
m6mo coucke d’argilc noire et odmpaote, Teau a complbtcment dkparu le 28 k midi ot nous 
fcommes b IBtn* 6Sc« Vers la fin de la joumde, Teau leparaSi un peu, nous ebpdrons quo 
e’est une oouebe de sable, nous donnons quelques coups de sonde, nous ramenons toiijours 
laxndme argile, Teau cependant, semble monterencoic, nous en sommes inquiet, nous rap- 
pelant notvo premier acmdent tube est du^ b mauccuvi'er; nous pai^venofis toutefois 
b le deseendre de ^uelqnes centimetres eu dopfignt un leger mouvement de va«*eWient; un 
dernier coup de sonde notts donne un peu de* sal^d mdlangd b TargUe. II dti^it presque 
nuit, on arrtte I 0 trataih Quel no fit pee noire dtonnement le r* mars an matin, de 
trouvor notre tube plein Vt ddbordant Idgbretnifit ^ une bauteur^du 1 mdire en omtre«bas 
dusoU Xi’doonlemetit^^i^bt trba-faible et n'esi appr&iaWe que lorsqu " on eat prbs du tube 
nous atrbibnm alora la juaqu’ausoii en trataillant 

au^desaous do celuindb w proitiitj qdilquofois, en remontant, aurebprdin^* 

fduour du tuyau. ^ 

deTatgile 

continue, il auginettteJ 

St plein et ddvem / elUwioirb tin mbtre au-d#ssgnj» d|i 4ii( epi, 
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Nous faisons vider le tu3'au au moyeu d*un petit seau jusqu’^ la profondeuT de 2 ixi. 50 c* 
au-desfious de la surface, Teau met une demi-heure pour remon ter k son niveau priniitif* 
nous faisons descendre le tube en manoeuvrant le tourne-b gaUche, il descend facilement d’lm 
metre ; Teau coulo aveo un pen plus de force, Torifice d'ecoulement dtant abaissd. Nous 
rivons uii tuyau de 1 m. 20 c. et nous ajoutons un autre tuyau de 1 m. 20 c. dont le joint 
est fait avee de la glaise et nous ari'dtons le travail aprfes avoir donnd quelques coups de 
sonde qui nous rainena de gros sable quavtzeaux dont quelques grains sont brillants et hyalins 
d’autres au oontraire opaques, variant du blanc au jaune-rougedtre. 

Le 3 au matin, nous constatons que Teau a montd dans le tube et s'est arrdtde h une 
bnutour do 30 centimetres au-dessus du niveau du sol; nous enlevdmes le tuyau suppldmeu- 
taire et nous continudmes le travail ; la sonde nous ramenait du gros sable mdld de sable fin 
de couleur grisdtre ; vers 10 heures du matiny-rdcoulement dtait devenu appreciable. Nous 
r(^cueillimes le produit du ddversenient dans un seau jauge de 10 litres ; il so remplit en 2 
minutes ; nous sommes a 19 mhtres environ de profoudeur. Le soir, le mfime seau a ete 
Tcmpli en 1* 45*’ sous les yeux do la Commission des puits ai-tdsiens qui avait bien voulu se 
transporter a I’dtablissement Savana, k la suite de sa premiere sdance ; le 4 au matin, I’eau 
est cqmplktemont claire et potable ; quelques personnes la trouvent ferrugineuse ; e’est k 
vdrificr. 

Lo travail a etd suspondu toute la journde du 4 qui dtnit dimanche. L*eau a could toute 
cetto journce, toute la iiuit et le lendemain 6 mars, jt(kqu*a midi, et olle se ddversait en un 
filet de repaissenr du petit doigt k 45 centimetres an-dessus du niveau du sol euvironnant. 
Nous enlevkmes le tuyau suppldmentaire que nous avions placd pour veri fier le niveau hy- 
drostatiquo efc nous rivdmes un nouveau tuyau do 1 m. 80 c. m. do longueur. Nous repre. 
nous la sonde ct nous travaillons toujoiirs au-dessous du niveau infdrienr du tuyau, ce qui 
occasionue des dboulemonts souterrains qui maintiennont invariablement la sonde k 70 ou 80 
eentimtoes en c^ ntre-bas do notre tuyau. Le sable qui vient, contient quelques paillettes 
brilliantos comm© prdeddemment. Nous descendons notr© tuyau d*un mbtre, ce qui met k 
19 m. 58 c. m. la longueur totale du tuyau. Pendant que nous continnons k Bonder, la 
Commission des puits artdsiens vient faire sa secondo visite. Nous faisons donner quelques 
coups de soupape k boulet qui ramena k chaque fois le m^me sable* Nous piooddons ensnite 
sous les yeux de la Commission a la vdrification de la profondeur du trdu de forage au moyen 
d*un plonib de sonde ; I’opdration a accusd une profon,^UT de 21 mbtres. Nous avons 
remarqud que Veau, depuis la desoente du dernier mkti^’ dcr tuyau, dtait moins abondante 
et pat suite montail plus lentement. Lo tuyau 4t5 desceiiidti?' alors environ de 90 ceUtimktres 
: par uu ^ouvement de va-et-vient impiimd au tourni^^gA^olie. , Les operations out did 
stiepoudues le soir et ajourndes au moment ok nous ^ontrions avoir des tuyaux pour les 


ydiei JN rcmarqqes que jumis avons faites sur la qualitd de jj^a: pendant la joqmde 
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nicut ost a peu pres lo m^uie qiie la vcille. Tols soni Ioh do tails dii travail auquol nous 
nous soinmos livr6 jusqu’a pr^sejni dans In recherche d’une source arldsieuno a reiabli*%so- 
inent Savam, Noub craiguons lo roproche d'avoir dto pout-Otro un peu liunutieiix, luais 
iiouB avions k cceur d’eclalrer la Oommisbiou d*ano mani^ve aiissi ooinpl6lo qu'il etait eii 
noire pouvoir, on pr^boneo surtoui de la faqon gracieuso doni sou prchidont a bion voulii 
propohcr de uous aider on nous procurant les Inyaux ndeessuireb pour continuer notre ex- 
pdiionce. 

Signd. C. POIILAIN, 
IndastneL 

IWdicJiih’y, Ic 6 mars 1877. 


Nous avous conliiiu^, lorsquo nous en avous eu les uioyons, lo IbiK^ago du puits de 
Samna doni uoivo dorni^ro note accusaii uiic prolbndeur de 19 luMres 58 cciilimMio‘< 
A 27 moires, nous avons rencontre uuc couche dc gl.iise noire (Kegur) dans laquello nous 
avons p^ndlrd de 5 metres environ; niais lii, uu uotivol aooideul nous a Hiie(<^: notre tuyau 
de tubago s'esi applati, puis rompu lorsquc nous ravens relovd. accident dl.iii dii h 
plusieurs causes ; riipplatissemont a dtC produit par la pouss^o du sable exteriour d’mio put. 
et par uti eil'et de snccion qui s'est pi'oduit dans Ic iuyau loisqu'on i\tnaii la soupapo a 
lioalet alors noyeo dans uue espeee de vaso demi-fluido produite par Targile dela,>oo dans 
I’cau et qui a fail faire on quolquo sorto oflice de piston a la diie soupapo. L<‘ mode dt‘ de 
seeuto de tuyau qui avait dtd employd, o*est-a-dire un inouvemoni dp va-et-vient idjidld a 
aussi sa part dans la oauso du icsultat fdclieux quo nous subtuios. Nous ne nous de* 
courageitmes pas ot nous recomnienqanics ii nouveau a deux pieds plus loin le lbn^‘Mgo du 
iuyau quo nous von ions de retirer. Nous soinuies aiijourd’hui arrive 6 22 metros ot nous 
descondona notre tuyau au moyeu d’uno pvossoiivis qui agit sur lui dans le sens vertical. 
Nous avons dd aussi faire djirouver une extiomo latiguo au tuyau dans Topdration du 
foncement pnreo quo nous n'dlargissious pas au moyon d’uii alesoir notre trou do sonde 
avant do 1 y iiisdrer et quo Targilo se dilataiil au contact do Toau renserrait d’uue iuvou 
tres-sonsiblc. En rdsnmd* Messieurs, cos aceideiits soni causes par un defaut de pratique, 
oy ant dtd appcld pour la premiere fois dc nolio existence, ot sans aucun guide do Tart du 
sondeur, a otablir un puits artdsicn. L’oxi>erience acquiso ot un oxocllent ouvrage sur la 
question, qui a dtd mis a notre disposition par M. Amaliic, un cU‘s propridtaires de 
nous permettront h Tavouir^ nous Teepdrons, d’dvitcr ces ooutrc-tiunps, Enfin, Messiouis, 
nous pouvons le dire sans crainte d’dtre controdit, rexpdriouco do Savatia a ou plusiours 
rdbiiltats pour nous : I*’ colui d'avoir attaohd tout le monde k eotte question d'iuldret gdndral • 
2*" (Vavoir diabli lo premier jalon de la nature dea sols h uno cortaine profondeur ot 2'^ enfin 
surtout, d’avoir disposd d*uno fa9on favorable, par un commencement do preuve, lea porHonnes 
haut plocdos qui dovaient ddoider du sort du projot quo nous avoins prdsentd au Oonscil 
4}oloniAl. Nous continuous notre travail et xmus en roudrons oompte au fur ot*ji mesure do 
son avanoement avec la conviction intime qqo ;aou8 aurona biont6t» ioutes closes dgalos 
d'ailleurs, le plaisir do votis annoncer noire oOmplhio rdussite. 

, ‘ C. rOULAIN. 

Pondichdryi k 19 Join 1877. 

Depuis notre dernibre oommunioatloiir^ dos iravatns urgonts ft rdiablisaeuent ne nous out 
pas permis de pooisuivilr^ dW SbHiinue notvs sondage* Nous vous disious dans cotk 
note quo, dans notre second sondsM tpr^s Vseelden^ atvlvd au protuior* nous dtions parvenu 
h la profondeur de 26 tfk bonebe de sable aquifbve renponirde prdeddom* 

ement ot qui nous donixSit de Tedu b dO eeutimblrbs au*dessus du niveau du so). Cette fois 
Veau de cetto xu^me nkppo a uiteini tin mvesil hydrostatiquo de 0, 6Q 
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du sol, suit 10 centim^ticb do plus quo pK^cddemnient. Kous attiibuons cefcte diffdrenco a ce 
que nolle tii^ m ^tait plus dtaiicho, ajant pm pom lo nouveau Bondage la pi dcaution de 
Boudoi ii Ictam tous noB joints dc tu^au livds. l^ons avona continue le fon^age dans cea 
sables et nous avons coxnme pidc<**deiniuont trouvd h 27 mbtros de profondeur une oouche do 
glaiso quo nouH avons tiaveib^e. Son dpaisseur est de 6 mbtres euviion. La eondo a ron- 
contid onsuitc, c'l’st k-diie b, 33 nnHies do piofondeur, uno coucho de sable gris, dune finesse 
extii^me, fluide et m^mo visqueux, qui a moutd lapidenaent d'uu mbtre dans le tuyau de 
lotonue et a ongagd une piemibie fois notie soupape h boulet quo nous avons retirde avec 
grande peine en nous seivant de la traction pioduite par un treuil double. L*eau qui jusque- 
lii B^dtait znaintenuc a uno assez grande piofondeur, monta jusqn'au niveau du sol. c’dtait 
une nouvelle nappe qui so faisait jour. Apibs quelques coups dc sonnettc, noiio outil a pd- 
ndtrd plus piofonddmeni ct une pousbdo subite de 1 mbtre 60 de sable se produisanb dans le 
tu^au, la soupape s'est tionvde tl^s-^o^t^mont engagde et a rdsistd aux tractions les plus 
pnibsantes quo nous a}ons pu exeicor. l^ous intioduisimes alois une soupape a boulet d’uu 
plus petit inodMe, n'ay.int qiie 0 mMre OG cent, de diambtre et qui, pouvant fonctionner dans 
I'intervalle laibsd Hbic par le cdble do la grande soupape, nous permit de lamcner peu k pen 
uu volume do sable Equivalent it 60 centimHres de hauteur dans le tuyau. C'cst lo plomb de 
eondo qui nous a {omni cette don nee. Nous nous appei^umes alois que le couteau cuculaire 
do cette petite soupape entamait noire cdble an fond et en ramonait des fragments k I'Etai de 
filaments dElayEs dtins la masse du sable. Nous oqustruisimeB a In bdte aveo uu bout de 
tu} an uno soupape h clapet do plus petite dimension encore, soit 0 mMi e 0 4 cent, de 
diainMro, munie d'un couloau ciroulaho en boib et d*un clapet do culr obaigE d^ine plaque de 
plomb Nous ramen/iTnes fort ]>eu de sable ot il contennit toujouis dos iilamenls de ohanvre* 
Pensant que ces filaments proveusienl do I'opEiation precEdenlc, nous persistdmos it nous 
ser\ir de co nouvel outiJ. Apies vingt lieuies de tin vail, les filaments venaient tottjours et 
en grande abondauce Craignunt do ddtduorer notie cdble, nous renonqftmcs done it ce 
jno}en de ddgager notro outil. 


Nous fimes alors dehcendro dans la colonne de rotenue, d 32 mbtres do profondeur lo 
tuyau en toile, aimd de sa lance, d'unc do nos pompes a incondie, au moyen do laquelle nous 
injeotdmes vivomont au fond du sondnge une forte* quautitd d’eau qui produisit Un courant 
ascensionnel ay ant assez. de vitesse poui uimener do cette profondeur une grande quantild de 
sable hn Au bout d^ino Leure, nou>^ jetames lo plomb dd sonde qui acensa une pi^iondeur 
de 38 metres 60. Nous soulovdmos alois do SO centimetres Hotre tuyau do retenue en faisant 
agir en sens contraiie notre prosse it vis et le tuyau monte sans effort En m6me temps un 
bomiue impumait an ctble des uiouvemenls de toisiou et de Toulil so trouva ddgagd. 
Le edble n*a dpiouvd qu'un pou d'draillement dans ube paftie; lee filaments provenaient 
pviuoipalemont do Tcxtidmitd libre do rattcu/be. Cet accident noufil a mis auX prises avec run 


dee oas les plus communs dene les teviaiusdboulantsetfiuidosdu genre deoeux qneuous 
traTerspus* L*oau se maintiettt k 00 cenlimbties au-dessus du soli et b ce point elle ne donne 
pae d^dooulwent Nous avqne gofitd Tcau do cette derail eile nous g bonne* 
Oettoeoi)iekodeeeWen^aq^'uninMiod%nissettJ:,* Ae ^ ouvelt di>ne A0u$ ictujrtnir un 
Cn^uleniifint in^port^^nt lioul teouvlmes ensuite bfio nouvelle eouebe de glaisei teuj'oure de 
k mtaie que les prdeddMtel o'ostii-diTe dAiroi plteWue, Quelquei rases 

telUout noiirs et soblstoux out M aussi fMbds par la eondq* Ik 

laiveau de Veeu s*est abaM de irei^uuo aussit6t que c<w*oi a pdnfStre done la 

glalse* If'dpaisseut de eolkOi nm'que do 9 J ^ ensuite du 


nillMt, ft (pm Kndn»t llUk p^tt 4» ([% 
t\ I'Mft »» tUpt ft 1 mftOft *a 


an mo m ii 

Jjin 


kMi » d*ali i» 
itt, «it VMitt «n(rtiite da 
« ft ftS mfttren 50 d* 
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Jppendix IL IjI 

Le deraier compte*ienda de uos essais a’arrdtait a la profondeur de 36 meireb ; noua 
^tioub alors dans dea sables a fiftoa grains souill^s de glaibo. A 37 mbties, nons trouv&mes 
uno aigile moina noire (|U 0 oclles renoontrees pidoddommouty sbcho et contenant dos giaina 
dc concrif'tions calcaiiea vartaini de 1 8b 5 luillimbtios cubes ct d aultes uii peu plus gios. 
Cette couche d'aigile contenaht parfois un peu de sable, tai)16t meld dans la massc, iunldt 
par bandes minces, a continud jusqu a 45 metres, suit done 8 mc^ties d*epaibscur poui cetle 
couebe iinparmdablo. Kotie sonde ramena etisuito de la mdmo glaibu mc^ldc do cailloux loulds, 
la plupart, dela giosseur d*un pels, les uns blancs, les auties noirb, d'autics un peu plus 
gi'os. Puis, Targile dispamt et il nous viut de gios aibles aveu Its mdmes cailloux dont 
quelques-uns, de quattz bien pur et byalin telsque ceux quelori irouve au Grand-dtang dans 
lo £avin f/es chauves-souns et aillems et qnequelqiios personuos ont fait tailler et niontti on 
bijoux; a cette piofondeur, Teau a atteint pr^s d’nn mbtie audessus du sol et a ddveisd 
Idgeromoni quelques minutes seulemcnt, pendant le tiuvail, puis est ledtHCcndue a 70 cen- 
timetres plus bas, 

A 46 mbtres les cailloux doviennent plusiaios, le gios sable cst mdld de sable fin, giis, 
fluid, du genre de celui roncontid prdeddemment a 33 inbties. Lo tiavaib* devient tibs- 
lent quoique nous nous servions d*un tieu’l simple pour la dcscento et la monide do notie 
oulU. L’dUsticitd de la coide an gmentant avec sa longueur (46 mbtres) rend U mameuvie 
moins precise et plus pdmblo. Le tuyau descend difScilement ; nons somnies souvent 
obligd de lo soulcver pour le descendre ensuite. A mesuro quo nous pdiidtrons dans cette 
oouohe, les cailloux dorienuent de plus en plus laros ; les grains de sablo soni lics-gios et 
presqu'entieicmeut oomposds de debris de quaitz byalin de 2 a 3 millim6tio& cubes do volumo 
environ. L'eau, pendant los znoiuentb dairit, monte ties-lonlemont et s*aiidte a 30 
centimetres au-desbus du bol. Nous dtions A Ja piotondeur do 46m 50c loisqno la sonde 
nous ramona quelques pctitb ddbiis d’aigilo blauobe, en paitie delates dans IVau; nous 
pdmob cependant on trouver im do la grobseur dune noibotte qui nous a peniiisd'eu 
examiner les caiacibi os quibout les suivauts: olle be fait pas ( flcivc sconce avoc les ai ides, 
bappe fortementa lalanguo ctpiond unpoliadmnable sous le fiottomout de i'onglc, o'est 
du kaolin. Les cailloux de quart a eb les quelques debiis d'aigile indiquont quo I'alluvion 
les a enlovt^s aux tcirains ieitiaiivs. 

A 47 lubtres, le grain du sable ost raoins gios que pi^c^deramont, il ne coiiiimit 
presque plus de cailloux roulds ; h 48 mbtres, le sable do rivibre ost un pou m61d do 
sable fill ressemblant au sabl^ de mer, il viont encore quelques fragments d argilo blan* 
che. Puis les sables alteruont, tantdt fins, tant6t gros;,nousy remarquons dca ddbiis 
d'argile calcinde noitdtre et d4s ft'ag]:uont 0 voetsemblant a la biiquo du pays ; nous hdsitione 
oepondant encore k croire h laprosenod de briques loi$jH}ue 1 1 sonde nous ramena dc petits tessons 
depoterie commune ; (nous doimons oe deinieit tfenseignemeut sous toute rdserve, car il 
pout ee fidra 4^*ils aient dtd pxojetds du soL) Nous dtions nlors k 49m 90, IVau se 
tenUt k IK) centimetres m:t«des$ns du niveau du sol quaud toubk-coupf Ik )o suite d’un 
coup de eoiidl(; ^ menta ttbi»*«%pSdement ^ ddversa au^desjias du tube de teienue dont 
To^fice dtelt Ik pvbs d*uu obbtrt au4c«^fl niveau du $ol. Nous flmos suspendre lo 
iondc|io daps le Wt pas contmdep^tto pbuvolio nappe qui semblait se fnixe jottr 
ospdmnt to*eUe devleud^t spontundment ^gbondantie. Nou* romai*qukmes, * pendant rdwule- 
moi^t duya euvbpd|rp a 9 minutes et noua estimons snpdrSeux i 10 litres par minute^, 
qua IW avait uU tnouv^m^j^ muntdl et de deecente dans le tuyau i q^uund 

rdcoulement cesfUf l|v09 alors ddpuev un coup de sonde tg(A 

ramena du grps la gtosseur d^un pok puis ^ 

du sable tantdt fid, 0^ ^erpDT fpis les deua saUes mmsiikgd^; iiouilidi 

d*unpead*a«gitblmii^4l4b^^ ^ 

A 5^ moires^ la sdble notiii tmm dss jk p^ammi^ irmUe Vmtile 
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ocr«ust, ] lunt ofc mClc* de sables, de cailloux roul^s et de quolqucs paicelles do calcaue 
dur dun blanc griB&tro. L'aigilo ocieuso jauno toiiite les sables et leau qui est foitc- 
meiit 1 mnUtie. A ce moment, lo tiavail resse d avanca on piofondour qnoiquc la soup ipe 
uvicuiK clmquo fow ciitifiiomcnt pbinc de sable. Celui-ci monte dans le tuyau dont 
h louguLui totale cat de 62m 68 et 1< plomb do sonde n'y accuse qu*une profoudcui 
dc 76. Ces sables semblaienl indpnis iblos , aprbs deux jouis enticis de tiavail, uous 
Elions toujours au m6me point, tnfiu lo tioisieme jour la poussde du sable saucta ot 
ouiil put desoeudio la piofondour de 52 m 68, Leau monta au fui el a mosuie que 
nous degagions les sables et die ddversa au dessus do notie tube pai tons Us tious 
de iivet aveo une ceitamc foice, rextiemiU supdneure «de notro iuyau ctait alois 
de niveau avee lo sol ciiviroiinant Un petit accident airivd a notio soupipe 
boulet nous obligea dt suapondio poui dtux lieuies notie travail L ( au coula ct sombU 
augmenter un peu ct do jiuu&iie quille dint, elle devmt assez limpido La soupipo 
dtaut idpaico, nous continu3.mes h dtaMU et il nous \int deux ou irois fois du sable 
a gros giiius noirMies, imis dcs ddbns do grbs feriugmeux (psammites) do couloiu 
bi un-lonc^e, moms Irublo quo puccdommont, melds dans la masso de sable blanc li 
gios grams Idglicmcut bomlld d aigile ocieuse jaune. Leau augmenta sonsiblement pen* 
d int k travail quo nous aiiM&mcs h 6 licuiLS du sou , elle coula touts h nuit suivanie et le 
matin clU be tiouva dune limpid ltd pailutc Nous xecucillimes lo produit do ccito source 
dans uu vase ]augc, noub iiouv&mes quo Ic ddbli dtait de 48 lities par minute (10 Septom- 
bio 1877, 8 b. nntm ) 

VoKilcs Kinuques quo nous liisons sui leau, cllo est bonne au gout, sauf une savoui 
rndtalliquo titis kguo qui tend a diinmuei au tui et \ imsmo de leeoukmcnt, le mtiite 
d irgini y produit un legor nuage ojiilin et k t mnm n y domic aucune eoloiaiiou La tem- 
pdi ituie dt 1 eau ti 1 oi ifitc dn tond igt est do 33 degidb contigradcb Le point de ddveibc- 
mciit nctuel est de 30 eeulimetios au-dtssus du nivoiu du sol cnviionnani 

Nous continuons ^ ddgiod le fond duHiiou do sonde dans lospoir qut le ddbit augmou- 
teia ei nous avons ii\d nolle tujau poui lempdihei do deseendre jdus bas 

Une seconde expdiience taite dins U meme journde iceusa un d^oit bo 60 litifs pai 
mimiio Le londeraam (11 SeptembrO i 8 heures du me-tin, lo d6bii cbt de 90 lities pai 
minute au moment oil nous teimuions eette uot( , nous consul vons Tt spoil d*uuo nouvolle 
augmentation. 


Potidiehdiy,le 11 Sept embie 1877. 


C. POULAIN. 
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'rjiK KfJAiArN Lakks, ly W. TirKoiiALD, Deputy Super intemhntj GeoJof/!cnl 

Survay of Tiuh’iu 

1 cannot bettor preface my own notes on the Knmaun lakes, than by bi'icfJy 
a<lv(irtm^ to the views rogai-ding their origin, pi*upoiiii(l(’(l l)y in;y colloagiie 
Mr. Hall in tJio liocords of tho Cli«)Jogical Sumy, Vol. XT, ])art 2, J7I'; 

since difleriug so essentially, as 1 do, from them, it will be more con V(jii lord bj spe- 
cify at tho beginning wherein this divergence of o])inion consists, tlian io ])i'eak 
tlie thread of my own description by constantly-rocun-ing allusions to Mr. Hairs 
paper. 

I make no affectation of approaching the discussion of tho vexed question 
of tho origin of the Knmaun lakes without any bias for any particular thi'ory, 
since believing, as I do, in the strongly presumptive universality of glaeial 
conditions during the great ice ago, the result of cosmical rather than local 
causes, it would be absurd in mo to disavow any expectation of fiTiding traors 
(^f such conditions within the Himalayan region, of all others, or t(> (h'uy that 
such conditions may not bp hold to afford a plausible pri?rt4/uc/c ex jtlauul ion 
of the origin of those lakes, deserving of all our respect, till it can be diuuon- 
strated that such a presumption is erroneous. Such an error, supposing it to 
one, is, or should be, very capable of disproof, and F nndorstand Mr. BallV paper 
to be such an attempted disproof, but, in my opinion, an unsuccessful one. 

The Kumaun lakes have so tttany poh^ of resemblance in common, kith 
as regaids elevatibri, physical surroundings, And geographical arrangement, that 
it seems not unreasonable to assume a common*orig^ all, so that I slndl 

tkttach less impori^nee hi)sibi^ those presenting ob-" ■ 

scui'c features, tlian to the endear^' satisfactorily tbe origin of one/ 
or more of them ; and I herein diff friwm in that, wliilsi he c^n.disoorn 

no conclusive proof of glacial, acti^% visited by liimi l coBsidcr 
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I lie case fill fly, not to say stroni*!^, made out as ropfards souks and callable 
of liuinpf cxiendod by analogy, and in default of any suflicioiit reason to the 
contrary, to all. 

]\lr. Jbill (p. 170 I r.) comniencoH by dividing the Kuxnaun lakes into tbrcQ 
classes “ Laving certain features mutually in common,” but nnfortunattdy without 
hp(‘cifyirig wLat tlu'se features are; uu omission which must be my excuse if 
I fail in eonso(juence to do justice to my colleague*s views on the subject. 
Passing to the consideration of Naiui Tal (of which a pretty lithograplnsl 
sketch is given) Mr. J^all seeks to controvert the views of those who attri- 
bute a glacial origin to its basin, but (piitc unsuccessfully, 1 tbink. Whetber 
tJiis lake really lies in a tru(‘ ice-ent basin or basins, is certainly not established 
or lik(‘ly to bo so by actual jirool, iialess the lake is ever drained, a contingency 
whieii may lie dismissed from jiresent coiisideratioii, though if Mr. Ball's section 
of its basin rejiresmits tlie gen(‘val contour of its bottom, and not the contour 
along a single lin(‘ oidy, there is the strongest presumption in favour of its gla- 
cial origin. 1 do not, ho\\e\er, think it iiecesoary now to dwell at any leiiiitli 
on Mr. 13al]’s speculations as to the probable nalui'e of the bottom, but there is 
one remark of my colleague touching the mode in which the rock basins (sup- 
j losing them to exist) have been pioduced, which indicates so absolute a diver- 
gence from the curr('nt ideas respecting the moihth opf^ratali of ice action, that 
I do not like to pass it without remark. Mr. Bair,s W'ordsare (p. 170 /. r.) “ sup- 
fiosing it to be so, th(' twin basins might he readily explained by tbe bypotbesis 
tJuit they had boon successively cveavated by the retreating end of a glacier." 
^i'his is perfectly unamliiguous as far as language goes, but does Mr, Ball really 
su])pose that a glacier ever moves backwards, and if nut, then what does he 
mean by tlie above w’oi’ds ? 

A glacier does its work by its weight and momentum ; its movement is sole- 
ly foruHu ihf nob necessarily downwards, but simply forwai’ds, and away from tlie 
direction of its source. The “retreating end" of a glacier, tlierof ore, cannot 
excavate in any degree, or add in its retreat, to the v^^ork it had already per- 
formed in its advance; since the word “retreat " does not involve here any sense 
oi riiiOi/rudc motion, but simply a contraction of the dimensions of the glacier 
induced by the operation of climatal causes. As the cud of a jet of water rdreat'i 
as the pressure under which tlie jet issues is diminished, without, however, 
the particles which compose the jot losing their forward motion (though its 
ninouni may he reduced), so it is witli a glacier, and I am therefore at a loss to 
know whether, in the passage quoted, my colleague’s words borroctly express his 
moaning.^ 

I d(» not consider either that Iilr. Bali has been particularly felicitous in his 
efforts to dispose of the argtinient adduced by Mr. II. F, Blanford for the glacial 
origin 6f the lake, ffvm th<|f pcullar shape of the basin, and the character of its 
sides, unbroken by snbordinim ridges and spurs. 

* Mr. BhU may t»cvhtt))s be credited with tbe mcaaing lii^ words would suggest to most of Ills 
render9--^tluit tlio upper baslu bad been cut nitci Uic glacier bud ictroated fiom pobitiou of 
Silliitll'aai extonbion.*^!!. B. M. 
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Mr. Ball obsorvos : — “It ih <rn<* ilmt thciv arc in» ,sulK»r(linak‘ ndq^os and 
HpuvB, but such is not uncommonly found io be tin* cu'sc, \\l)ore valleys run witli 
tbeMrike be*twcen hard beds, hounding softer ones, winch lune hcvn ewded io 
forai the valltys.” The piotin»e here drawn is siigu;(‘sii\c (d some great synclinal 
valley in Vindliynn sandsfoms, or in some similar gronj» eliara('h‘ns(‘d by ilie 
parallelism and unbroken character of its beds, ami tli(*r(' are donlitlehs many 
valkys which might have .‘sat for ihe portrait/ but the entire lorce of the nrgii- 
iruuit, as hell' used, depends on its applicability to the Kaini basin. Of courM*, by 
introducing it in this couneetion, Mr. Ball iiii])lie'N that it is fo apjdienbli', — a view 
which 1 am AvhoUy unable io (‘oincido in. Mr Ball, how ev<*r, Inn mg ereaied the 
impression wdiich the abov<i sentence is calculated io eon^ey, nowhere elst' \i\\H 
sjiecial stress on tlio parallolisin of the strata bounding the basin, but speaks of 
them ns in places “mneli contorted and brokc'n/’ and of the limestones ‘‘lU’ar the 
de])dt’^ forming “irregular li nticuhir masses, not as Im'iIs.’’ The fact is, tlie valley 
wherein hi a ini Tal nestles is surrounded by rocks, Mir>ing greatly in siriietniv, 
such as sjdintiTy acliisis, and massive limestoiu's, wliieh agr(‘e in oiu' ebaraet(T 
only, that of being very disturbed, as regards their stnitigrajiLieal arrangemimt, 
and much crushed and mechanically dislntogratcd as regards their |K‘trol*)gi(*al 
condition. This last condition (ci'rtainly one not unfavourahk' to the produetion 
of spurs by denudation) causes the lull side-; to b(' mucii marked by dc'bn’s 
(Jandslips perhaps Mr. JhJl would say), washed down over them, but in tlu' 
shallow road cuttings along the ‘Mall,’ the true arm ngmneni of tin' strata may 
be seen, not as might be inferred from Mr. Ball’s wa)rds, with a snrfaee-jd.iru' 
and strike, coinciding with tJio axis of the lalli'y, but nwealing highly disturbed 
beds, with their ends truncated at various angles by the surfaee. Opinions may 
differ as io the value of the ovideiiec in qiu'stion, but the stratigraphieal idea 
which Mr. Ball’s words Convey is wriainly not tliat most olniously indicated on 
the ground.’ 

Mr. Ball also alludes to “the rigid trap axis” of the hill, but this fcatiin* 
f consider no less suppositious than the implied piinillelism of tlu* Ix'ds bounding 
the lake. 1 was much surprised, after what 1 luul read of the lake, to sc'c* so 
little trap in its vicinity, but much of the rock in the district which might lx* so 
termed in a petrological sense, J should [irefcr to regard as an integral member of 
the schist group. Beds of this character may oeemr in the rangi* in foi*ce, but to 
speak of tliem as “trap” without further comment, is, I think, lik(*Iy to 7nisleail, 
especially in helping to confuse their rolationshi]) wdtii the eruptive traji. ])roi)erly 
so culled, so largely dovclo])ed about IBiim TuJ and Mahva Tal. ^Ir. Ball, more- 
over, docs not veiy dearly explain in what procisf* w^ay the prc'senco of ('iilu'r 
bedded or eruptive trap confers rigidity on the riinge in question, and in default 
of a fuller exposition of Mr. Ball’s views on the subject, 1 am unable to ro('ognif*o 
a greater amount of “ rigidity ’* in the liills ab^ut NaiUi T&1, than in any other 
hills in this or any other district. Did the ranges environing Naini 'I'dl consist 

' To most geokigififei Mr* Ball's words WOUM prdlbiiUy suggost a valley of onmioa on a broken 
anticlinal tU'xuro. a condition coiiipatibW with wUal he claims; for tlu* oas* mul with !ho facl»* 
ttUducid iiifaiuNt it in tbo text,— H. 0, M, 
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f>f soft siuuls niid clnys banked up a^iuHt a ‘‘rigid trap axis,” 1 could appreciaio 
the d\uaniienl nppro])riaioncss of tlio expression, but not so, •where the raniros 
consist of scliibis and massive Jinustones, and the very cxisieneo of a marked 
or s<ro7it>l3' diiTeroitiaied axis of a more ri£>id character is, to sa}’^ the least, a 
uiatlcr ot tlie purest RU]>position. 

h3((ually is Mr. Hull at variance both with Mr. II. F. IJlanford and n\ys('lf 
regarding th<‘ nature of the barrier at the outfall of Naini TaJ : Mr, nianim’d 
and myself both regarding it as a moraine, -whilst Mr. Thill terms it a landslip; 
and J may hero remark that to “landslips” (so far as I can gather) all tlie 
Kumaun lakos are, in Mr. Ball’s opinion, due. 

As regards the ])ariicular case ot Naini Tal, it may bo seriously obji'otcsl h) 
Mr. Ball’s vit3W, that the harrier is nrd placed where the sides of the vall(*y are 
st(*epost, nor is the slope snfTicient to suggest such a cause. A gcruTal idea of 
ib(‘ olijwtion liero taken by me, ma} be gathered by referring to the sketcli of the 
lake gi\on in Mr. Ball’s paper ; but it requires a peivsonal knowledge of the ground 
to realize how much holder the slopes are at other parls, -where no obstruct i\(‘ 
landslips luivo descended, than at ilio actual outfall. It may be suggested that 
the very descent of the “slip” has itself lowered the slope, and modified tlie profile 
of the neighbouring ground, but I do nottliink such is the case either here or any- 
where else, and 1 merely allude to the notion, to prove that it has not escaped 
eonsid(‘ration. A f(*w words will not he Iuto out of place, touching the etlects 
pi’odueed by a * landslip ’ as contrasted with those due to a ‘ moraine.* 

A landsli]) in its ju'oper and original sense, is a somewhat laro phenomenon, 
(d(‘p(mding on certain conditions of surface, subsoil, and drainage), sncli as the 
‘ undercliff ’ in the Isle of Wight, and such cases as quoted in White’s ‘ Sel- 
boumo’, but which arc rare in tho Himalayan region, though not unknown in 
the Salt -range. The term is, however, also apjdied to one of the commont*st 
phenomena in hilly regions, the descent from a sleep hill or cliff, of a mass of 
rocky mutorials, detached partly by frost perhaps in the first instance, partly by 
wafer and partly by gravity; the initial movement whore the fiiaRS is considev- 
nblo being possibly in soiue cases duo to an eartliquake. This being tho sort 
of phenomenon consideix'd by Mr, Ball as being the cause whenfrom all tho 
Kninaun lakes hav<‘ originated, it is necessary carefully to consider how far tJio 
conditions present in such eases resemble or differ from those coiinocted with 
morainos> and whether they are adequate to the production of the results attribut- 
ed to thomn Such ‘slips* as I now allude to may bo broadly divided into two 
Olassei^ namely, those whieli consist mainly of rocky fragments, detached fi*om a 
stoop hill side, always more or loss angular and often of a largo size, and ‘ slips * 
from ground where the rook is more sandy or argillaoeons, and in which water is 
more or less tho prime motror} the result being the descent, often very gradual, of 
a heterogenous mass of mud fthd stones, whoso power of progression is regulated 
partly by the slope over rrbieh it moves, and partly by the amount of fluidity of 
the ingredients composing it/ Slips of rook fragments of the first class arc, as a 
rule, sufficiontly obviously connected with the source -whence they are (lorivod, 
ttsually at a considerable angle, tho slope varying, however, with tho 
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size ;ind cLarartcr of the matoi'iuls composing it. To no siieli (>i‘ij:^iu as tliis can, 

I think, any of the banners of the Kiimaun lakes be attributed. ‘ Slips* of the 
socoTid class, however, far more closolj" simnlato a ‘ moraine,’ but those possessinl 
of most mobility, from the greater fluidity of thi'ir coni]H»sltion, are in tbo prociso 
ratio of siudj fluidity least capable of withstand! removal hy rain, oi* of btMir- 
injr upon their surface craggy masses of rock such as T should ttunn ‘ t'rnitics,’ 
and which, if not numerous, are at all events occasional and most si|L*‘niii- 
cant constituents of some of the barriei's, Mr. Ball mentions massiis of rock 
10 feet in diameter, as forming pjirt of the ban*i(‘r of Naini Tal, but this is an 
undor-estimato, as some of th(' masses arc double and trebles that size, 'i’lioy have! 
certainly not fallen from any neighbouring elilf, noi* arc the liarsh commiiiuftvl 
rocks in f he vicinity of the lake capable of forming a stiff mud on which they 
could have been trans])orted, after the fai?liion of a ‘moraine, * and the infiu’cmre 
I therefore draw from thorn is, that flay arc^ i*eally part of a ‘ moraine ’ and not 
brought into their present position by any of the ordinary modes of stream action. 

Of Bhim Tdl, Mr. Ball’s account, is hardly move satisfactory, in my opinion, 
than in the case of Naini, with the important excc])tion, that he liimstdf sees a seri- 
ous objection to the application to it of the ‘ landslip ’ theory, Mr. Ball’s worils 
are: “Towards the southern end of I he lake on the eastern si d(^, there is a ?>ow/r/e>* 
deposUj which extends fxlong the bank, up to a level of perhaps 10 fcei/ above the 
wat er.” Now, this ^^houkier fh/mit'* is, according to my interpretation, part of a 
lateral moraine which descended from the peak above Sangri ((>,820 feet), and in 
conjunction with that of the main glacier to the south, helped on the diminution 
of glacial conditions lo block the dii’ect exit of the valley to the south, thereby 
ci'oaiing the lake. Mr. Ball goes on to add: “ The moat remarkable fcatui'e about 
it, however, is, that it is backed by no high range on the cast, so that, if derived 
from a landslip, the materials must have come from the west, and of necessily 
teviporarily filled up a portion of the bed of the lake.” 1 do not see by what 
stretch of ingenuity Mr. Ball can defend the above sentence from the charge 
of very inadequately conveying the true state of the case. The course of tlie 
lake, so far as the “ boulder deposit ” extends, runs north and south . As there is 
no high ground to the east, the material, as Mr. Ball owns, if the boulder deposit 
originated in any way in a landslip, must have come from the west across the 
lake, but in so doing must have ohlltomied it altogether. To talk of this as tem- 
porarily filling up a portion of its bed is simply ti ifling with the intelligence of 
the reader. There being no scour, how does Mr. Ball suppo.so suclj a mass of 
material to have been removed, and the bed of the lake cleared of its temporary 
. obsttlictioti P 

Mr, Ball jis fui^her forced very remarkable in his month, 

with^areferei^ce to its app^rapee suggests a moraine,” 

; though this is not Very oonsi^ni, ^ith thef |i*ppell^^ On it. ! 

, In. considerbg^ 

’,from the 'infiuepped hy diffi'(;|u|t^’[ 

■ which I confess I am force of. So m X 

'stpnd it, the 'difficulty, .him, is fho possible^lj; 
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H)ii of a spur of lork across the valley, which, T nndcrsfaiul Mr. Ball 
to iirirnc, would l)o a serious, not to say insurmountable, difficulty iuliia mind to 
the i(h <i of a glacier ever having passed along it. To Jiie it is nothing of the sort; 
lor I c:ui cone(‘ive no sort or dcsciiption of si)iir blocking or constricting a valley 
winch could offer any bar to the passage of n glacier: for the plain and simple 
KMson, iliat where\er the stream which originally oxca\atod tho valley could go, 
a glneier could follow, and is, moreover, not so bound by hydrostatic laws as 
water is in its fluid state. Furtlier into the matter than this I confess my 
inability to s(‘e. 

Of Naukatcliia Till and Silth Tal Mr. Ball expresses a confident opinion that 
thci]' hImjH* and surroundings prcclndi the idea of glacial agency being coucoriied 
in tlKur formation, an opinion from which J profoundly dissent, especially with 
ro((*r(‘Tico to tho former lake, which I consider one of the most remarkable lakes 
in Kninann, if not in the world, as I sliall endeavour soon to show. 

TJiore is one remark in Mr. Ball’s ^^conclmious ” (p. 181 of his paper) which 
I can not pass without comment, as I am paiutully compelled to own I do not 
kmIisc its cogency. The remark is couched in tho following words 

“ There is oiu* ]joint geologically which links the three larger lakes together, 
and that is the occuirence of trap dykes in the vicinity of each.’^ Is it reasonable 
to ask ns to accept this dictum for argument ? Is it not rather like clothing 
with scientific importance the crude gcogr«tpliioal conceptions of honest Flucllcn, 
touching ilic simiJ.irity between Monmontli and Macedon, as proved by ilieir 
both eommoiiciiig with the letter M? Why, too, the smaller adjoining lakes 
ftliould bo ovcluded from partieijiation in the argument supposed to accrue from 
till' presence of the dykes in the vicinity of their larger brethren, is not obvious 
However, my colleague goes on to c\plaiii himself; “Now, I do not think it at 
all probable that the lakes are duo to the original outburst of trap,” an o])jniou 
in which T fully eoineiJe, considering that such an idea is wholly beyond 
the 1)011 nds of the wildest possibility; but my colloagno at once goes on to 
add: “Bui it seems not improbable that when tho groat upheaval and disturb- 
ance of the rocks of this aitja took place, the existence of comparatively 
rigid lines of trap may have boon largely instrumental in determining tJio 
form which tho surface assumed, and that on thoir flanks thp soft shales, &c , 
may have boon so niuch cruslied and broken as to yield more easily to tho 
ftuhsoqnont operations of denudation, thus affording an abundant supply of mate- 
rials for landslips, 'vvhicli ultimately berved to close tho valleys and form the lakes.** 

The two prominent ideas hero pi*eb(‘utcd are that “riV//d Urns of trap 
thUnnined tlm of the gi'ound Mirrounding tho lakes ; and seomuUg, that the 

lakes are tueroly accumulations of water, dammed up by tho ^^ahmdant supply of 
soft slinles washed off tho of the ‘rigid lines of trap * in quostion, To this 
I can imly that tho very ej^istonoe of any such ^‘rigid lines ** is a matter of 
{)ure supposition on Mi*. without the slightest evideiioe, so far as I am 

awarq, in stUppoH thereof; So far from the Iwiriers which hold up the lakes 

“‘Tho piwuro of An oWrttofcinflf spur hero hsl «noro weiifht Against tlie glotial li^pjtbosSs 
of suck spurs at Niuiii h««i» favour 0f It,-— H. M. 
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being conipoKed of ‘ soft Hbalea, ’ it would bo very Imnl to find such soft slndos 
in any of the barriers 1 have examined. This is a plain issue. Art» the barriers 
mainly composed of soft shales, or is that materi.il mainly eonspieiiuus in them 
by its absonco? 

Now, Mr. Ball himself tolls us nothing about ‘Soft shales ” in the body of his 
paper. He therein describes the hills surrounding the lakes as eoiisisting of 
“himles/^ ^‘quai'tziles,” “limestones/’ “ argillaceous schists/* “ iimssi\ e lime- 
sioues,*’ “highly indurated, but slightly caleareous mudstom's/* “\Nliiie ami 
piirjde quartzites/’ “greenstone/’ “trap,” aiule\eu “ granitiMind gneiss ” (pos- 
sibly^ as membeis of the rock series of the district, ])iit not a word of “soft shales ” 
till we eoine to his ‘conclusions/ wherein they are described as swathing his “rigid 
lines of trap,’* and by the “abundant supply of material ” they have atTordefl, 
aelaally choking up the valleys, and thereby originating the lakes, in a word, 
Mr. Ball conclndos that the Kunmnn lakes ha\e no connection whatever with 
former glaciers, hut are due to landslips operating on soft shale, and the (lo nu') 
sorn(‘what obscure influence of “ rigid lines of trap.” My own j-cason for re- 
garding these lakes as glacial I shall now proceed to state. 

The lakes of Kumaun may be divided into two grou])s,* inz,, those wliicdi lit' 
in the direct course of an old glacier, and which may or may not occupy an iee-ent 
basin, and those formed by the occlusiou of a valley by the projection across it of 
the material of a * moraine. * 

Class I embraces Blum Tal, Mnlwa Tul, Naini Tiil, the lowest of the Satli 
Tal group, and an unnainod lake above Kluirjui Tal. 

Class II embraces Naukatoliia lul, K]mr])a Tal, Suria I’al, and the upper 
lakes of the Sdth Tal group. 

The origin of all is, however, identical, and putting aside all consideiMtions of 
rock basins, which 1 have no immediate means of verifying, U due to the obslnu*- 
tion of local drainage, caused by the debris of old moraines on thi‘ retrocession of 
the glaciers at the tomiination u£ a glacial epoch. 

The three principal lakes of Kumaun, Naini Tal, Bhiui Tul, am! Mnlwa 'JMl 
are situated in three separate, but j)arallel and adjapont drainage areas, the a^is 
of each of which has a general south-easi and north-west trend. TJie ti*act of 
country comprising this area is bounded on the north by so much of the hill 
range as extends from the vicinity of Gagan peak (7,8rs> ft^et) on ilie cast to the 
Detfputhar peak (7,98y feet) on the west. Naini Tal lies a little below a liorsi^-shoe 
shaped oul de sac, between the Deoputhar and Uhiui peaks, and is not only tho 
largest (slightly) of the three, but tho nearest to tho culminating ridge, md whoso 
basin may be said to display more obviously than the others ilie jiciion of ice 
in its shape and ohsracter. 

Its effluent waters give rise to tho Balia river, which after a short south-east, 
crly course, joins the Gola river a little bolow EaniWgh* Bhim Tdl receives the 
drainage of tho hmghi$ noyth of Bhuwftli^ from which it boars exactly sontli,.east^ 
while 7 miles beyond it. in tho s^o direction is situated Naukatchia Tul 

* Tor a wap the reader is iMjferlfOd to Mr. ptpor (k c.). 
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(l(’q)t‘s< oi all llic lakes {Kconlmc? to Mr. Ball), Uio peculiar features of whieli 
1 shall ilesenhe further on. Malwa Ttil is »im]>ly an expansion of tlio Kalsa ri\t‘i, 
>\lneh with a soalli-eaalorly course tlrains the (ilaji^an peak and adjoining heights, 
Ihe drainage of all and the whoh' gi*oup of associated lakes being ultimately 
convened into th(‘ (Jola river. 

Jihini 1^il aiul its neighbour Naiikatchia Tdl aiv separated froiu Malwa Tal 
In a lofty range witli ])eaks Ironi t>,4Kl to (>,320 in height; whilst from Naiiii 
'Fal, SathTal, and the lakes which ilraiu into the Balia river, they are separated 
h^ a Hoimnvhat lower range ol on]\ r>,S2() feet in height. 

The most remarkable lakes art Jlhiin Till and Nankatchia 1' »l, and their 
pt'culiar relation to each otiicr renders it desirable to consider them together. 

Btum Tal t\& Nvckapcitia Tal 

Kvtii the ncAv l-incli maps of the country give no adequate idea of the 
peculiar feat un‘s of the drainage of these two lakes. For example, the villages 
ot Dhansilaand Padani are situated on opposite sides of the stream which eon- 
\e}s away tlu' surplus 'waters of Bhim Tal, a fact that it would be inipossihle 
to surnnse from iJie ma])-, indeed so far as 1 can make out, no escape wdiatever for 
llio surplus waters of Bhim Tal is shown on the 1-iucli ma]>. One thing is ap- 
p.n-ent on the gixmnd, and has been noticed by Mr. Jhdl, that tho present drain- 
age of Bhim Td] does not appear to be in tho same direction as that it originally 
pursued, and r would extend the remark to Naukatchia Tal as well. Bhim Tal 
and ^faukatchia Tdl l)oth stand in the same general south-east lino, but the 
actual drainage lino between them is slightly defleeb'd on one side by the ridge 
on which Dliansila stands. At present the surplus waters of Bhim Tal make their 
esea])e about the centre of tlie lake ou its east side, flowing under Dliansila (that 
is, to the north-east of it) with a prevailing soutli-east course as already stahsl. 
But there can be very little doubt tliat the original exit of tlie waters of tJie main 
valley, of which a submerged section now constitutes the present lake, was direct- 
ly to tho south and to the west of Dliansila instead of to the north-east of that 
village. My explanation of ^course is, tliat the escape waters found a readiei* 
passage through the lateral moraine skirting the cast bank of the lake, ilian at 
tho oj'iginal point of discharge to tho south, through and oci*oss not only the 
accumulated malerials of tho principal moraine, but the added accumulations of 
the eastern or lateral moraine (Mr. BalFs ^houhlor ' hod) and a similar accession 
from the ^esleni slopes, which all helped to jam tho throat of the gorge to tho 
sotitli. Be this as it may, tho suiplua waters now fifld their way beneath 
Dliansila, flowing to the south-east, till at a little less than halfway to Kaukat- 
oWa TAl they arc met by 0^ amrplus w^aters Of that lake, flowing in an ojcocily 
opposite direction to the n^rtV'^ost. The hydrographical situation is peculiar, 
not to say mnbanxwsing, bnt^ ijihe the united waters of both lakes 

m deflected at almost a rigMllnglc to their joint conkes, and dow to tho south- 
west, thtongh n narrow gorge in the tra^ fMge on which Dliansila stands, in to 
tho Poja tmv. Bosnming onr course frompfihs above jtinction, in a south-oastorn 
distcolion, and which would be callod down tho valley, but for tlie anomaly of tho 
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stream flowing towards us, we at last reach Naukateliia TilK Facing still t<» Uio 
south-east, wc hayo on our loft the lofty range separating the valley from Malwa 
Tal and on our right the low range on W’hioh Dhansila and Sirori are bnilt. Tn 
front of ns is Naukatchia T^l, and beyond Ifaukalehia Tal the "valle} comes to an 
abrupt end, and a very remarkable one. 

As in the case of BLim Tdl, so in the presenl instnnee tJio original and 
natural course for the surplus waters of Naukatchia T<il would hctm lo be to th(‘ 
soutJi straight into the Qola river, a distance of but a litlle over ti nnh s, lnst(VKl 
of which they roach the Clola by a circuitous course of 1(> inilc^, tlio firNt I 
of which seem a reversal, as far as direction goes, of the original djMinagc ot the 
valley. The main obstruction, looking across the lake in a south i‘asi direction, 
is a low hill, somewhat ccnirically situated, and which is evideullj^ eom|)OscHl ol 
7'oek On the left this hill is united with llio Mai iragaon range l);y ♦•lop- 

ing ground, much masked hy detritus from the heights abo\e, along wdiieli the 
road from Bhim Tal to Malwa T^l is carried. ITere, too, 1 think, there is lilile 
doubt that the valley is closed to a higlier level than the lake, by rock hi ^thf 
On the right hand side, however, of the central hill, such docs not appear to 
he the case, and on this side would seem to be the original and natural ouilct 
of the lake, or of the valley prior to the conversion of [lart of ii into a lake. 
The only obstacle here interposed between the waters of the lake and a ]»roeipitous 
valley leading straight down into the Oola river, is what I may fh'signato as a 
causeway, wherein I could detect no rock m sihi^ and which rescinbl(‘s nothing 
more tlian a railway embankment connecting the central hill witli Iho opposite or 
south-west side of the valley. This bank wliicli might be (not that I wish to infer 
that it is of artificial origin) is not 1)0 feet broad at the ioj) and forms the w^atershod 
between Naukatchia Tal at its immediate foot on one side atid a sheer desccnl 
into the Q-ola river on the other; it has no appearance of a ‘landslij)’ and 
any slip from the central hill would take place ratJior to lh(‘ soiilh-east which 
is its precipitous side than to the south-west whore this bank connects it vvitli the 
high ground opposite. The waters of the lake actually rest against this bank, 
without any intermediate catchment area in that quarter, and yet fbo lake is a 
deep one. If, then, this bank is notla ‘landslip,' there seems no resource left 
but to regard it as a moraine, which crossed tlie valley at right angles from 
the heights behind Mahragaon, thereby oroaling the lake by obstructing i bo 
drainage. Every collateral consideration favours this view. Tn the first place, 
we must remember that there is every reason to suppose (as romark(*d by Mr 
Ball) that the original course of the stream (and in my view, of the glacier 
Bubseqnently) through Bhim Tfl was out and through its extreme soutliorn end. 
Tbeuitke ground between Bhhn T&land Naukatchia Til is soopeu and level as to 
suggest t^e possibiKty of its having been once continuously covered by a lake 
embracing^ to its limits both tie eadsting laket^ and tiat tio spot belpw Dhansila, 
where the escape waters Irom toti lakes meaty was origtoally a low water*parttog 
between theiu» On the sappowtion that tbi tokes were once united, this reversal ^ 
of conditious is easily uudjwpstood, 'ffhe l;^s being both simultaneously and 
similarly blockedl at their naturat Wtte| tb the south, continued td rise and 
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hpread, till their iiiiitccl waters discovered the weakest part of tlio barriers enelos- 
iiii» them. This was at Dhansila, which at once became the point of discharge 
for their joint waters, the constant entting atdion of which lias resulted in the 
features the gi'ound now displays. Whilst then tlie glacier of Bhiiii 1'al was 
(h'seen ding west of Dhansila, the glaciers descending from the heights between 
Mahragaon (behind Naukatchia Tal) and Padaiii, were pushing straight across 
the ground iinnierhately below them, with the result that the Padani glacier 
cut through the tra]) ridge, and initiated the ehannel liy wdiich the watcis of 
both lakes wo?/; escape, whilst the Ma lira gaoid glacier pursued a parallel course 
west of Ritolahat, its ‘inoraincs’ serving to impound tlu' dminage hctwet*n 
IMdani and Malu’ngaon, theridiy cremating Naukatchia Tal. 

The point of sujm^rae int('r(‘st of course is, why a cii*cuitous exit across a 
hard trap ridge shouhl have hcen selected by the waters of bolh lakes in pre- 
ference to a more direct and undeniably natural course across the apparcnitly 
weaker obstacle of a landslip or ‘ boulder bed/ As regards a boulder Ixul initi 
ating a lake, I may observe that every Himalayan gorge is full of boulders, 
but in no instance do they give rise to lakes. A flood may throw a bar of them 
across the channel, but the ncit flood makes a clean sweep of the obstruction. 
Of course the * boulder bed ' which could be presumed to have given rise to the 
Jake could not have itself orjginat<‘d therein, and besides the Kumaun lakes, from 
their limited dimensions and sliolkTcd situation, do not jiroducc f/ow/de?®, being 
very different from those grand Italian lakes 

Tu Lot I majctwcj tuque 

Fluctlhus ctfr(nuUu assiirgens, BemicOy marinof 

and in the deepest of thorn, Naukatchia Tdl, the sides may bo seen dipping down 
at a steep angle and composed of angular fragments evidently never disturlxjd 
by wave motion. Tbe result of my own examination of the point of exit of tJie 
joint waters below Dhansila was very instructive. At Dhansila there is no doubt 
of the ridge whereon it stands being composed of rock in situ, but across the 
gorge throtigh which the stream passes, that is, exactly soutli-oast of Dhansila, I 
co\ild detect no rock iu The entire ground is covered with loose subangular 
masses of hard trap, up to even 100 feet girth, but no rock in situ could I detect 
after a careful search. There are some rocks of course which fiom their com- 
position decompose so freely at the surface, that it is not easy to find a clean 
natural section or exposure of them ; but such is not the chai’acter of the hai*sh 
intractable' trap of Malwa Tal and the neighbourhood, such as formed the bulk 
of all the fragments hero strewed about. To me the conclusiCn overwhelm- 
ing, that 1 waa on, the * moraine’ of an old glaoior which had wound past Dhan- 
siK and along whose chanin^ the escape paters of the two lakte had made 
their passage* ' ‘ 

The Up wt»rk of iho old sawing ite way across the obstructive ridge 

at renders it eai^ to understand how. the waters of both lakes, on 

their natural point of discharge being blookedi came to select this point m the 

^ tWtWve Knolstcbia T&t )iiot tte vlDbigs 6f the same name, north of Bhlm T4l 
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catsiest for their new coui'se, and sncli I boliovo to be the true explanation of an 
otherwise puzzling phenomenon. 

The only thing to be said against it is, that it must stand or fall with tin' 
glacial hypothesis of the origin of the lakes. 

Naini TiL. 

My notes on this lake need only bo brief, as I have already noticed the chief 
points wherein I difEor from Mr. Ball respecting it. The most important remark 
T have to make is regarding what I'omains of the old Naini moraine. Of course 
T regard tlio harrier as virtually composed of old moraine materials, but inimo- 
diattdy below the ‘ barrier ’ the ‘ moraine * has been cngnlphcd in the steep gorge, 
down which the escape waters of the lake precipitate themselves in their ooujv* 
to tlio Balia river. If, however, leaving the ^ out fall* of tlio lake, wo go nlontrthe 
cart-road, till wo come in sight of the Brewery (Shmah-hutfl of the 1-inch map) 
and direct onr e^es beyond it, we can see a little to the left of it (and of course 
below it) a small hill. This hill, in my opinion, eonsiitutes ono of tho most pro- 
minent ‘hummocks’ of tho old Ntiini ‘ moraine,’ there still preserved intact, and in 
sHii, The stream which below tho ‘ outfall * of the lake has out away and cngulphed 
the old ‘ moraine ’ in tho chasm worn by its waters, has lower down found an easier 
channel to tho westward, and hence for some distance above and below SuriaTal, 
the old Naini ‘moraine ’ still remains intact. Suria Til is indeed merely a pool 
formed by tho local drainage being shut up by the ‘ moraine ’ swooping past to 
the south-west. Tho village of Qiiia (which is not marked on the map, but lies 
west of Suria Tal) stands on the ‘moraine,* and below it spreads a highly iito- 
gular, ‘ hummocky* surface, freckled over with monstrous angulai’ blocks of linio- 
stonO) derived from the Naini basin and constituting the actual ‘ body and bones * 
of the old ‘moraine.’ At least this is my idea, I confess I did see a difficulty 
once, not sufficient to outweigh tho evidence afforded by tho physical cbiractor 
of the ground, but still a difficulty, and that was, that tho section displayed on 
tho river abreast of this ‘ moraine ’ was one of ordinaxy river boulder gravel ; 
very coarse no doubt, but not distinctly marked by tho presence in it of tlie Jmgo 
erratic masses which encumbered the surface a short distance off, I did not then 
know what my last season’s work has placed beyond all question, that tho ‘ mo- 
raines, ’ to whoso action I attribute tho formation of tho Kumaun lakes, arc far 
newer than tho old gravels filling the valleys, and on which old gravels they may 
occasionally bo seen to test, I shall not here enter further on this important 
discoVeiyi beyond sayiug that it at ouce disposes of the difficulty T once felt in 
the fact of the huge ‘ erratics’ embedded in tho ‘moraines * (ue I regard thorn) 
not boing seen in the old gravels $ but the faU discussion of this question must })o 
reserved for another paper. 

Hotwi 

This lake, if the form of ilia basin is* leaf sugg^ve of a glacier than is 
case with either Kaini T41 or BHm il|a one which it is, on the othelr han4 
more difficult to regard OS due to than almost any lake in , 
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It hofl iTi tiio diicci course of wiiat in the rains must be a considerable liver, and 
thon^di tlic sides of the valley are stoop, they do not so materially diffej' in this or 
any rdher respect from other gorges in the hills as to afford an adequate ox])lana- 
tion why a ‘ slip ’ from them of loose matorials should produce a result which wo 
cannot tmeo clsowhero where similar physical features prevail, I have already 
dwelt on iho point that banks of shingle (and fallen detritus from tlio sides of 
the \ alloy would share the same fate) do not in Himalayan strcanEis, bo they largo 
or small, give rise to 2 )enuancni lakes, and it is therefore difficult to understand 
how Malwa Tdl comes to occupy the position it docs, save on the supposition that 
it lies in a busin out out of the rook a glacier. On the descent to Malwa Tul 
liy the road from Bhim Tul some yexj hard and massive trap is seen, and it 
appears as though a band of this rock crosses the valley just below the lake. If 
this Ruiiposition is correct, and if a glacier ever did descend the valley, the natural 
result would be the formation of a rock basin in the position now occupied by 
the lake, owing to the more energetic excavation effected by the glacier in the 
comparatively softer rocks above tlian on tbe hard band of rocks which may be 
considered as forming the lake sill at its point of discharge. It is true Mr. Ball 
declares no rock in situ is there visible, but without admitting that this fact has 
been satisfactorily established, or can bo by a mere superficial examination, 1 
would suggest that, considering the steepness of the sides of tho valley, we may 
not unnaturally expect to find the bottom covered with a considerable amount 
of loose debris, quite sufficient to conceal any exposure of rook at the surface. 

From dilforont asp(*cts, therefore, do the three chief lakes of Kumatin — ^Malwa 
Tul on the one hand and Naini Tal and Bliim Tdl on tho other — give strong 
countenance to the idea that they one and all originate from glacial agency. 

KHuarA TXl. 

This lake, which every traveller to Naini Tal from Kaladungi must have 
remarked after turning tho comer of the spur which descends from Deoputhar 
peak, is a little cocked-hat soil) of depression, immediately below tho road, encir- 
cled by rather steep sides, apd with no visible outleh Xh} natural outlet should 
bo at its northern end, and pemolation through a barrier of loose stony materials 
in that quarter no doubt suffices to carry off its surplus waters. But what is the 
nature of this bander ? The choice avowedly lies between Mr, Ball’s theory of 
formation in these hills by ** landslips” and mine by ” moraines.” It is to 
bo rolp'otted that Hr. Ball does not scorn to have examined this Ia):o, since it is 
one Widely in any opinion, places the landslip ” theory entirely ‘ out of court/ In 
the case t>i* iKhorpa Tfil the only direction wbepce the matorials Of the baMer 
almost onoim}iu|{: it could hiura been derived by^ai idip is fa'om tho abrupt of 
spur to But ^ Ulke itself nestles at the fpot of the 

ml hyjpote'uuio Ot the slope which such a f^l of 

(iUAieriele hate ei4p^tipyi t need phiW out, that w forces of nature 

Kl^Vld ft lake in stich a lotion, tht slope or hypotOuuBe of amass 

of falleb robh* !Rega*diu'g the * btotior^’ as % ^moratoV nb difficulty is 

1 ^ ^ 
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encountered. The glacier w hich brouglii down the ‘ men aine * in question, descended 
in a souiliorly dii-ection from tbe peak of 7,989 feet, standing at the head of the Nairn 
basin, and from the opposite side from tliat whence tlio Naini glacier itself do 
sconded The valley traversed by this glacier (and along which the road toNami 
from Kdladungi winds) istowaidsitshoad blocked, or encumhored with a confused 
mass of angular blocks, which inpait at least represents the old ‘luotaine,’ thonoh 
the Deoputhar ridgo and the larjmthar ridge on the opposite side au» both so 
stoop that avalanches and landslijis may have largely added to its original mas*.. 
The progiHJSsivo movement, however, of the bulk of this mass can, I think, only 
have been ofCected by ice, as the blocks composing it are so hirge and angul ir, tin 
slope so liigh, and tlie surlace so incajiable of generating a Urge sti’eani, Iroiu tin 
water sinking engulpliod in the interstices between the blocks, that fluviatile 
action is impossible Some halfway down tlie alh } , tins mass, which 1 ck signal( 
a moraine, terminates in a steo]) bluff, ])recisoly leserabling^on a largo scale an 
unfinished railway cmbaiikmtnt, and below this lies the unnsmed lake (or lakes, 
for the map shows two), across the outlet sluice of which the load is canud 
towards Naini after passing Khurpa Tdl, Below this outlet slmoo the valley 
rapidly falls (the moraine being hero probably engulphcd in precisely the same 
fasluon as is the case below the Naim outfall), till past the old iron furnace, 
which stands nearly in its patli, when the usual and characteristic components ot 
a moraine are met with in profusion all round the spot on which the lurgc^ 
bungalow, beyond the furnace, is buih , and it is this moiaino which interco])fs 
a small portion of the drainage fiom the Deopuihai spur, and thereby gi\es use 
to the little cocked-hat, dignified by the name ot Khurpa T^l, but the intciest 
and value of which as hearing on the origin of the Kumaun lakes is in inverHc 
1 atio to its tiny dimensions. There is one point, perhaps, which calls for notice m 
connection with the above small unnamed lakes, and that is, tlxat they lie dii’cctly 
in the path as it were of the above ‘ moraine ’ (as I regard it, which 1 have 
described as terminating in a steep bluff) and occupy an intermediate space, 
comparatively free from largo blocks botw^eon the moraine above them, and the 
similar heterogenous assemblage of rocky matoiiols, met with lower down around 
Khurpa Tfil. The reason is, in my opinion, not far to seek if wc refiect on the 
conditions under which such a ‘ moraine ^ was foimcd in so rocky and precipitous 
a gorge as that east of the Deoputhar ridgo. A ‘moraine* is made up in lai^* 
mg proportions, according to the character of the rocks, of materials projected on 
to it in a more or less regular fashion from botli sides of the gorge or valley 
dowui which it is slowly progressing, and comparatively bald places may be leit 
on wherein few or no largo blocks may be found. The same aspect of tlie 
surtax may abo be induced by the filling up of irregular dips therein by 
ordicaly rainwaeh, tbe silting up of idl interstice^ between the larger blool^ 
being the probable of the lako/ 

Tlic groujp of name implies, is roprcseni^d on 

the map by btit fc‘hreo**^naWe|y, a a largo one to souths 
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ovldontly compounded of two or more contiguous basins united, and a minute lake 
to tlie west. As in iho caso of Bliim T^l and Naukatebia Tfil the drainage of 
those lakes can only bo indistinctly made out from the map. The small lake to 
the west is the lowest, and the drainage from the other lakes is passed through it. 
It is mainly remarkable, as affording a complete disproof of the notion of any 
ovcT])oworing rush of water, being the agent wliereby the largo blocks seen in the 
barrier of the largo lake just above it were brought down to llieir present position, 
as any such rush of water so laden with stones and mud must have simply 
obliterated this little hollow, as easily as a man’s thumb wipes out a spot of ink. 
The hairier below it is of largo rough stones, fallen mainly from the hills adjoin- 
ing it, which are so permeable that they do not allow its waters to over stand for 
long at a high lov6l ; but although thus permeable to clear, or moderately turbid 
water, anything like a moving flood of mud capable of bringing down enotmous 
masses of rock, must bavo filled up the lake flush with its barrier, and then 
passed onwards down the gorge. But this obliteration of the tiny basin has not 
occurred, tJiercfore no such floods can have over passed over it. 

The n])permosi lake to the north is a little cocked-hat of a lake with steep 
bides of loose materials, and without visible outlet, in tliis respect resembling 
Khurpa TUI. Its surplus waters, however, find an exit by percolation through 
tho barrier (moraine) separating it from the larger lake, whoso surplus waters 
they join below tho barrier. The larger lake is created by the obstruction 
caused by tho above barrier. This hirwor is a huge bank of earth and stones, 
some of the embedded blocks of rocks measuring 30 or 40 foot in girth. This moss 
of materials, which I cannot but regard as a ‘ moraine,’ has crept down from 
almost duo north, till arrested by tho hill Whereon Siloti stands. The impounded 
drainage from the eastward has consequently gathered into the form of a lake 
of very irregular shape, the escape waters from which have scoured a passage for 
thomsclvos, between the termination of tho moraine and the mountain side, 
whereon it abuts, and whereby it became arrested and deflected to tho west 
from its north and south course. It is an objection in the mind of some, who 
are opposed to the idea of ice action, that the ultimate source or head of this 
moraine is not qnite a mile efff. This, so far from beihg a valid obstacle to the 
view adopted by me, is probably, as I shall endeavour soon to show, tho main 
cause of the very existence now of the lake, and moreover such objectors should 
reflect that if a limited catchment area is opposed to the genesis of a largo 
moraine> a foriiori is it incapable of giving birth to a stresm adequate to trans- 
porting such blocks as help to form the barrier in question. 


CoNCiiuum Bbhaws. 
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Ti will not bo contended, 1 think, and ceitainly not by my‘<olf, that the 
Kumaun district is distinguished ccrfojis' paribus, as regards climate or ns iv^rds 
any occult oro^aphical features, from any similar and corresponding area of the 
Himalayan region in gencml Tf, then, tho Kuniaiiu lakes are duo to glaeiere, 
and if (as 1 hold) similar glacial conditions extcndt*d Lir niid nido beyond the 
limits of Kumaun, how ootnes it, it may not impel tinently be asked, tliat the 
entire Himalayan region is noi similarly dotted over with lakes, largo and small, 
as in a part of Kumaun P How comes a cause, e\ercised o^or so wide an area, 
to bo attested by results confined within such naiTOW limits? Per ni^ pint I 
frankly accept tho first dedneiion, and behove that tho entire IJiinala^an region 
was once dotted over with lakes, originating in the same causes and in the sami* 
manner as those of Kumaun, but fnirn tho pli;y sic.il or petrological character ot 
tlio rocks in tho vicinage of the Kumaun lakes they have nmiaintsl (or many 
of tliom), whilst the gx’cat majority of the lakes of contemporary oiigiii over the 
entire Himalayan region have disappearcsl under the operation of ordinary denu- 
dational forces. Malwa T41 illustrates, in my opinion, tho process ni question. 
It is one of tho largest lakes in Kumaun, and possesses out of all coiuparison 
tho largest catchment. Under any circumskincos of origin, wo might tiu refoio 
expect a barrier of corresponding dimensions. But * barrier ’ there is none save 
the artificial sluice wall. True, one may potter about the outfall without detect- 
ing rock in situ, but there is nothing analogous io tho mole-like mass which 
constitutes the ‘ barriers ' of tho other lakes. Doubtless the reason is, the flood 
waters of its largo catchment area have swept the whole away, and tlio lake 
owes its continued existence to tho fact of its having been endowed with not 
only a barrier, but a true rock basin likowiso. Tho one has disappeared, tho 
other remains. ^ This, it may be alleged, is more supposition, but it is not 
unwaiTanted, I tihink, by tho circtLinstances, for other raison iV Hro for this lake 
save a rock basin, I can imagine none. 

Tho hard limestones, traps, and irap-liko schists, of this part of Kumaun 
readily break up into a confused heap of fragments of all sizos, and tho fragments 
heaped together (as I argue in tho shape of moraines) form an obstacle, practi- 
cally, in most oases, unassailable by the slender bflpply of water jiossed over 
thorn. Xn such a case as Malwa Tiil with its largo entcUmont area, tho * barrier ' 
docs go. In KTaini Tfl and perhaps other instances, the said * barrier ' boeomes 
attacked in places, and undercut and partially ongulphcd in the chasm formed 
by the stream, which is wholly powerless to remove it in any more direct fashioni 
whilst in tho smaller lakes, with no catchment area to speak of, beyond thoir 
slopin|^ sides, we see tho pent up waters finding thoir way out by percolation, 
through the loose materials which surround them. 

1 dx^ubt not moreover that au additional argumaht and illustration of tho 
view here set forth will be fonnd when thb lakes h%h up on the frontier df 
Northern Hae&ra ootne to U( too» ehwuply hare very smaU eateli^) < 

meat areas, to which, as ir^ thhir sti^val is probably doe^ but poEttot ' 

considerations at present sMsd in a Kuropean spending much in 

the neighbourhood of the in^epnde^)li|U|^ 



176 


Recouh of the Geological Surveg of India. 


[voL. xtii. 


On inC DISCOVERY of a CiSLT OF PAIliBOLITfllO TYPE IN THE PUNJAB, hg W. 

Theobald, Oeologioal Suwpy of Imha. 

The celt, to which this notice refers, is interesting, as being the first 
s])oeimon of those articles yet discovered in the Punjab, so far as I am 
aware ‘ Chips ’ and ‘ scrapers,* and x*emarkably fine ‘ cores’ of chert, have boon 
found in Sind, but no larger implements. The present colt is composed of a pale 
homogenous hmebtono, probably of nummnlitio age, and presents a surface much 
coirodod by exposure to the atmosphere, the stone of which it is composed 
being evidently of a character to suffer materially from such exposure The 
sliape, however, of the article and the peculiar sinuous edge, the result of chipping 
honi alternate sides, loaves no doubt as to its artificial character. It is, however, 
so rudely formed, that many similar specimens might escape observation, save to 
llu' practised eye of one familiar with such objects, and it is hoped that the 
picscnt notice of this ‘find’ may result in the rliscovery of other specimens. 
It was picked up by myself on February 21&t, 1879, on the surface of the ground, 
(‘xactly opposite the village of Shodipur, on the Indus, 25 miles as the crow flies 
m a south-west direction below Attoek. On showing the specimon to Kishen 
Sjngh, of the Geological Survey, he informed me he had once picked up a similar 
article near Rhotas, hut being in doubt as to its character, had thrown it away 
again. This was unfortunate, but I mention tho circumstance to direct the 
attention of future observers to tho probable occurrouco of these articles in other 
parts of tho Punjab 


Pauxontologtcal notes from the Karhaubaui and South Rewa'h Coal-fields, 
hg OiroKAR Feistmantel, M.l)., PalmontologUtf Geological Survey of India. 

At end of last Mai-ch and beginning of April, I had an opportunity of 
re- visiting tho Karhaibdri coal-field, and, thanks to the kindnoss of Mr. W, O. 
Olpherts, O.E., F.G.S., tho present manager of the East Indian Railway Com- 
pany’s Colhoiies, and to tho assistance of Mr. IS. Miller, Inspector at Passerabhia, 
1 could collect furtkor information regarding the comparison of the seams and 
the flora at the various places, supplementary to the views advanced in my 
Talohir-Karharbdri flora.^ 3 had the good fortune to Collect numerous foseils from 
the second seam, from which none were hitherto knowm As will be seen 
hereafter, this flora differs to a certain extent from that of the lowct seam, and 
it would therefore appear that, although the 'parting between the second and 
bottom mm i$ Onl^ thin, ^|^ey have to be considered as disldiioi I oIbo 

ip seams, so^it trill bo well td say a few 
in asoon^g order. , 


‘ H ^ ' 

* * ' 

f fliaOt oostt 
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three in the Serampnr area/ and five in the Kailiaihari area* of the fiehl. 
They come out of the shalea in the roof of the seain. 

It is this seam -which has the ^eatcst !namber of Iho peculiar fo^siJ^, anJ is 
most closely connected with the Talchii* group. Of the couimoii Daniiida 
fossils we find Qlosso]jteris^ only rarely, and of Voikhutriny only tA\o very small 
fragments wore mot with at one locnld^, No. 5D shaft, l\iss(‘rablna 

During my recent visit to the fielH, l«did not collect many fo ^ilo fiom the 
bottom seam, but I happened to diseovcr, amongst other rock spt*einiens l,>ing 
at the manager’s of&ico at Oiridi, two nice specimens of lo. sils wliu h Olplicjis 
was kind enough to present to our Museum. 

One of the specimens is from the bottom seam (No. 6D shaft) at p4i'»a>iMl)l)ia 
(KarharbAri), the other from the same scam (No. 11 A shaft) at Jlnrisuli 
(Serampur). 

I also secured other duplicate fossils fimi the^'C* two shafts. 

There arc amongst thorn — 

JSf^vrojpterU vahJay Fstm., from both shafts. 

2Kggeri{tho][)si8 hUlopiy^ Fstm., also from both shafts. 

Of this latter the two specimen^ presented by Mr. Olphcit^ arc very hi rge 
leaves, the largest we at present know from India ; they wdll be figured in a 
supplemental fasciculus to the Talchir-Karharbari flora of iho Pal coon tologia 
Jndicaj the specimen from Bui’iadi is almost complete, the basal poit ion only 
b(‘ing broken off, while the a})ic.sl portion is peifcct. The Passerabhia specmieii 
is although almost as largo as the formci, not so complete, ii good deal of the 
apical portion being wanting ; it shows, liowover, quite well the cJiamcters of tho 
species, and must originally have been of a very large size. 

The sootious of these two shafts, showing the position of tho fossilifovouH 
shale, have boon given in my Talchir-Eiirharbari flora,^ to which I now refer. 

I have picked up a few fossils at a now locality, No. 5 shaft, Jogitand, 
which also works tho bottom seam. I give the section in descending order* — 


i No. 6 ahafiy JagUanfl. 

Bail 

Sandy browtt clay 

Smditono 

Simng dark shajs 

Sandatone 

Strong dark shale with band^ of coal (iuclmlos rei>i 
* gnd seam) 


Ko. iRewi eoal 


. . . 

. 38' 

. 18' 

. . . . 5' U" 

, . . 47' 3" . 

•ei>n‘S(‘iit4rivo of 

. . . 6' 3" I^Oflsils frein 

ibo base of 
this bund. 

, * • 18' ; 


Tetal / .ur r 


I'BnrlaOi (lUh M 

* Fiuwe»tAd» ^«il. St» mbA 6i^ 1} i Jogtbmd (No> 8} DolwiAil^lt. 

< titi, «|4 VWlf- W, 0. OlliWt*. 
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The fossils found represent, Jiowever, one species only 
Ndfjfferathiopsis hl8loj[)i\ Fstm. 

The position of the fossiliforons band is the same as in No. 2 shaft Jogitand 
(/. c. pj). 42, 43) ; throe siiocies were named from tins latter shaft, which arc those 
of the bottom seam elsewhere. 

Wo now know, therefore, fossils from the bottom seam from the following 
places : — • 

Passerabhia, shafts No. 5D, No 5G ; Mathadi, shaft 
No. 1 ; Jogitand, shafts No. 2, No. 5 ; Domahiii ghat 

Bnnadi, shaft No. IIA ; Cliuuka, shafts No. 1(5 
Sorampurarca. and No ](!G 

The thicknesses of the bottom senm at the rospeetiie places are — 

ir (including 3' partings), IT (including 3 partings), 13', 8*, 12', 9', 14', 

1)’, 12' 

The coal belongs to the lowest liitheido known in India, and owes perhaps to 
this eii’cumstanco its superior quality 


KnrliarMri aiea. 


Ne. 2 sanu* 

Alieady in my Flora of the Talchir-Karharbari beds (Z. c, pp 39, 40) when 
quoting the sections of shafts Nos. 5D and 60 (Passerabhia), I indicated the 
existence of a second seam above the bottom seam, separated from this latter 
at both places by a 2' 6^ parting of laminated sandstones and shales, in which 
the fossils of the bottom scam were found ; the coal measured 7' 2^ and 7' 
respectively ; both seams arc worked together at these places. 

At Jogitand this second seam is much thinner,* being 2^ 6* in No. 2 shaft, 
and being represented by dark shale in No. 6 ; the parting of block shale at No. 2 
is 2' S'' thick. 

At Mathadi the second seam is represented by only very thin bands of coal, 
separated by 6' 7^ sandstone and shale from the bottom seam. At Domahni ghS^t 
ore two outcrops of coal, one of which is the second seam ; in the Serampnr 
area there is also another seam close above the bottom seam which measures at 
Buriadi (shaft llA) 2' 6^ at Chunka (shaft 16) T 6\ and (shaft 16 O) 6', 
being separated from the bottom seam by 3' 3", 12' C'', and 6* 6^ sandstone and 
shale partings, from which latter ihe fossils wore procured, by which the lower 
seam here was correlated with the same in the Earharb^ri area. 

No fossils were up till lately known from the layers above the second soam, the 
itoason of which certainly lies in the overlying rock at the places mentioned 
eomiiating of sahdstohe vrhich is vety badly adapted for preservatipaa^ of 
plfmt^- 

Bttrtiig my recept I just ci^e in time to collect fossils at 

two jtfte which work the seiow seam separatel;y^ the bottom seam being not 
reached yet, or not cut through^ to that t am now able* for the first time, to 
ihtrddnce fossils from the second seam ; two shafts are in the Karharb&ri 
area^ at I^asaambhia, imd (29 new) wd No* 40 (39 
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new). I shall name tho fossils from each separately, quoting also tlio sections of 
the shafts to show tho position of the fossiliferons band. 

No, 24 (21) new) shafts Pa^sonhJua 

Section, 


2nu SBAH 


Soil and brickwork . 

• 

iir r 

Saudbtonu .... 


11 r 1" 

Coal 


r ir 

Sandstouc .... 

• ■ • 

2' 1" 

Coal 


2' 8'' 

SundBtouc .... 

* • t 

15' 0" 

Coal 

« • « 

1' 

Saiidbtoiio .... 


7' 8" 

Sluile 


7" 

Coal 


1' 3" 

Carbonaceous bhulo . 


2" 

1 Coal .... 

1 « • 

i) 

Soft, laniinatod bright coal 

« * • 

2" 

1 Coal 

• 9 • 

3' 1" 

Carbonaceous shale . 


5" 

Iluriit coal (by tmp) 

Bottom seam not reached. 

• 

V 7" 


FossiU found 
thib baud. 


ToTAii 


IHi' 7" 


Tho thickness of the soam is therefore 7' 8", with 7'^ partings of shale, which 
corresponds well with tho thickness of tho second seam in the sections of shafts 
Nos. 5D and 5G’ (Passerabhia). 

The fossiliferons band in the present shaft is tho 7^ shale above the coal. 

It is very dark grey, very close, shale crowded with fossil loaves, which partly 
arc in so close layers that it is difQcnlt to got an entire loaf. 

Tho fossils arc — 

QlosBoptefis oommuniSf Fstm. Very numcrons. 

Gimgcmopteris cychjptoroides, Fstm. 

Ndggerathiopsia kislopif Fstm. Bare* 

Shaft No, 40 (33 new), Passerabhia? 

Seotion, 


San BBAM . 


/ Soil and brickwork 

. O' 

6'' 

V Sandstone 

. 18' 

8" 

JOoaL 

. r 11 " 

j Sandstone 

. 19' 

4 "’ 

/ Shale . 

. V 

2" 

\ Sandstone • . . . « ^ , 

. 88' 

1" 


. iSfT 



> Ful. Indka, Ser. XH. pt. 1, 1879. p|t. 89k 4a'‘ 

* This sccUon U abo oUumiriH of inbnwt. (bo poidtiou o£ nil tb« (liirto .onuui o( (ld» tana. 
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Urougbfc forward . . 138' 8" 

Dark bandstono . .... 4' 11" 

Sand‘>toue . 11' 10" 

Stony coal 2^ 8" 

Snmlslone 10' 9' 

Stony coal ..... . 6" 

SaiulRtonc 17' 1" 

Slialo (fossiliforoiiB) 10" 

fCoal V 10" 

L Carbonaceous sbalo 2" 

)Coal . . V 1" 

\ llurnt Coal 4' 

/Trap .... . . 1" 

^Charred Coal 1' 1" 

Sandstone 11" 

Caiboiinccous shale * . , . . 2' 7" 

Sandstone ....... 10" 

Shale 4" 

llottom sonm. stony and burnt . . * 3' 

(Scam not cut tbiough) 

Todal . , . 202' 4" 


Tho fossils at ibis locality were more various, and are preserved partly in a 
dark fine*, grained sbale, and partly in a more sandy rock. They are-— 

Schtzoneara ? (piobablyP gondwaiiensis ) — two specimens, ratber badly preserved, but 
showing apparonlly an arfongoment of loaflols like in Schiaoneura, with dissolved 
bbcaths. 

JEquUetaceou^ stalks. Those are very numerous, and all of the same kind, Le., very 
broadly ribbed, ribs and furrows in juxta^pobition. They are presumably tbe stalks 
and stems of the same plant, to which tbe above«mentioucd leaved spocimens 
belong, probably Schkojtcura, 

TerUhravia hidka^ Royle,— Several bpooimeiis of tbe real Datnudaform ; also branched 
bpecimens. k 

&aftgamo 2 itcHs cgclopioroldes^ Fstm. — The common form* 

GloikQptcrh eomnninis^ Fstm.— Several speoimens. ^ 

Qlo$9ffpteH9 sp.— A moie oval leaf, witli comparatively a very long stalk. , 

MggerathiopBu A/rfojpi, Fstm**^ovoral spec^jthi^ both in the dark ar(d in 

tho ;moro sandy variety* " ^ 

slightly jbelonging perhaps to Mggerailito^m^ 

»ow tlioso jS^iltoso from Kp, into dose oowidorotion, we 
M 0^ iHJiOwgh tjMJ ia tie bet^m seam by a 

thin bfUtd the flioW' bte* a fijSgUily diffiaront oboiraoticr, 

booemes uoro numwtt«, wnd although t^fwwmtmg only 
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one or two species, occurs in greater numbers. T>\o not very favourably pre- 
served specimens appear to ropresent Schizonenra gondm^ionsis^ Fstm. 

No fossils wore found as ^^et from the seam above the bottom scam in the 
Serampur area, but the correlation of the second seam in the Karbarbari area, 
with that in the Serampur area, is apparently correct, the bottom seams in both 
areas being the same. 


T/i( 3rd seam, Passer oMt a » 

Tliore is not much now to bo reported from the 3rd scam area (/ f p. 40) 1 
have obtained a few specimens from shaft No. 17 15* wbidi represent a species 
ali*cady known from tin’s place, Nogga athiops is hihlo^i, Jlunh ; borne bjieci- 
mens indicating very laigo leaves. 

From shaft No. 17 C I have obtained one speciinon which contaiiib ilirco 
forms now for this place and therefore for the .Sid seam. 

GmgamopUrU comp. apgu3t\folia, Mc*Coy. — One tvif. 

TTinged seeds the same l^iiul as that one lij^mod hy mo from Biniadi® and known 
also from MohpA.ni. Similar setdb, but smallci, aie also known fiom the Damuda 
and Panchet division. I take them to represent tho genus 8amaroj)si8 (comp 
pa^rvula^ Heoi and ScLmalhausen), 

Another laige boed also was found Of this I can foim no idea at piesoni, but I 
shall figmo it with all tho othoi nt^s loims in a supiilemcnt to the Talchii-Karhar- 
ban fioiu. 

This third seam appears to be dcvclo])ed in tho northern portion of tho 
Karharbdri area only, ^ 

No, 4 semiy the “7u7?-sean?.” 

In ray already-mentioned paper I also mentioned the seams on tho Komaljoro 
and ilhuddua hills, classing them as a 4th seam, and judging from some fossils 
found on tho Komaljore (tiumki) hill, and from tlio very much higher position of 
the seam, I represented them as belonging most pro]),ibly to tho Damuda division. 
No fossils were known from the Bhuddua liill. This time, however, 1 colloctod 
some fragments from above the coal ; they are CUosioptes is j they arc of course 
at present quite insufficient for any conclusive d(*cision, but I think tlioi’o are 
straiig3i^aphical points enough which, in combination with tho fobsils from tho 
Ltuu^ hill, show that it is an independent seam. 

lull in the western portion of the field is another place where this 
hill seam ** is represented. I have not yet examined this locality, but intend to 
do so On tho first opportunity, as it is probable that mtto "fossils may be found 
there, fr’om which tho horison may bo better fixed. 

— . r , — ' 

1 Xbo sections of this tboft, os WoU ofiiey oOe, Ko. Vl 0, ai*odqi?cyibea in my Wchlr- 

Karbarbfiri flora, t, p. p. 40-4e, whw I she foBSlk 

• Ibidem, Heto XXIV, Ag.i . . 
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Tlio relations of llic various seams may be sliown m the following tabular 
list — - 


Division 

Ntttiib r 
of 
ttvn 


Wciilpin porliOQ 

K irh irbttri 
p rtiuii 

Sorampur portion 

Fossils 

DatniuU 

DiviHiin 

Ith 


Hill hpiiu ou 
DaliUill 

* llil) warn* on 
Dhiiddu*i» frig 
nicMts ol fohhilo 
{( lodBOpieru ) 

“Hill scam on 
Tninki Hill, a 
few t AhSllS 

Named in tny Takhir Kar- 
b irbaii Fluta, p Irl 

Ajt henoi terit putifmorphtitt 

tHtin worthy of uotu c 

B irakoTB 


■ 


(» 

{ 

1 Abuul 2<X>' Band 
' st ne down to 

tlu nexlBtam 

!» 



Jrd 


r 

3xd Siam at Pas 
ficnbhia Nt 
1711 and 17C 
Hlialts 


Nnmod 1 o , same page 

ItomdiB 

G't^ampUttt anguihfoluit 

8amirop»i» coirp pontaki 
Htci fiocd 

Karharbari bedb 

IsKliii « 
Divi^iou 

iud 

1 

Tbt outdop of 
Rbimsat ttpnr 
> d ih t, T < psfldlh 
Aiid^Atifrlui,ia 
kliakoo Kivtr 

- 

2nd seam at Pas 
Hci d hi i(No il 
nul 40 hlnfts) 
Alathidi Jigi 
ton 1 and Ut ni i 
lini lUhSllH 

1 nown fn tu the 
tust place. 

1 

d 

dud scam at Bmi* 
adi uud Chuuka 

Ideu tided now for the first 
time — 

SchttroHtut a f gondwanentiB 
i atm , Mqumfnceoua 

Rioms. Vetmrana m- 
dti^a, Boyle, Qangim)fh 
teru eifihpi§rotd«», Istm 
Ghiatoplerit romm/faui, 

Fstin , (rather niimcronB) 
anochei np , 
difoggeraihiop$i$ hutlopt, 
Bunh sp (Feistm ) , 
seeds 

Karharbari bods. 


Ist 


• 

Bottom seam at 
Possei a b h 1 a 
CN« 61). No |i)) 
Ma(badl(No 1) 
jrof,itniid (Ko 
2aud8),Daraah 
ui 

Bottom Beam at 
UniiaduKo UA) 
and ChunUtNo 
le and 16U) 

Named m the above work, 
p 44. Of interest, tiio 
two large leaves of AToi/grr- 
afhtotMa, Fstm procured 
tbis timo 

Korhaiban beds 


laUhir Group 


PALAONIOLOOICAIi SOTES mOM THE SOtTTH XtSWAII COAi‘EtEItD> 

Prom tlus extensive opal-field tljere were bitherto comparatively very few 
foHSile known. Those wo powessed were plants only, and belong to two colloo* 
tions$ oi the ono made iif. 1861 hy Mr. Cl. Modlioott the specimens wore 
labeled “South Bewah* iMid/Wohigpur;” the |8)rmor designation oorresponds 
with wltft aow will bo dieS*>|Mt'^io6 u the OojxMl river area, while the latter 
nnmd trill bo retained. 

Another collection, seat ^ Mr. 0, A. Btactori, 1872, contains a few fossil 
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plants from the Son river, west of Garara, a place that is also ropresontod in the 
collections received recently from Mr. HnghcB. 

From those fossils and their equivalents elsewhere I liad judp^cd that they 
represent the Raniganj (Karathi) group, an opinion which the subsequent collec- 
tions have confirmed. 

Since October last a regular survey of this field was begun by Mr. Hughes, 
who has already been fortunate enougli to procure a large number of interesting 
fossils, both vegetable and animal, which are of great importance for fixing tlio 
horizon of the beds. 

Mr. Hughes has sent two collections ; the first contained plants from ihe 
Lower and animals from the Upper Gondw^inas. The former I was able to iiu^lnde 
in the list of localities in my ])aper (now in the ]>ress) on ihe Damuda-Panchet 
flora' ; they all were of the Raniganj (Kami hi) Jioi'izon, while tlic animal 
remains wore of the Maleri horizon of tho Central Province's. 

The second collection contained Lower and Uiiper Gondwjinaplanis, many of 
groat interest; it arrived too late to enable me io inscii; the localities of Lower 
Gondw4na fossils in tho alphabetical list in my detailed Mwk. 

This collection was much largt*i% and coniained fossils from many moro 
horizons, also several new species of plants. In anticipation of full description 
and illustration I may now give a brief notice of them, so far as they are 
known with certainty. I shall enumerate them according to the horizons, and 
within each horizon from each localily Tho horizons I have put down as Mr. 
Hughes has provisionally indicated thorn on his labels; two loaalitios for which 
tliere was no horizon indicated, I have placed to such horizons as would be 
assigned to them by the fossils when compared with already-established classi- 
fications. I also include the older oolleotions made by Mr. J. G. Medlicott and 
later by Mr. 0. A. Hacket. 


A.— LOWER GONDWANAS. 

I. TalOhir Division. — TalrJur grovp. 

Oorai^f on the JohiUa river, near P&li, Singwara, district. 

Collecth Hughes, 1880. 

Hguisetaceotts stera.-^ne specimen only, with a fragmeniary Rtom, showing a 
fine ribbing on the auifaoe, but no joint ; may bo oqiiiseiaceous. 

* II, DAMcruA Division. 

a. Bardkar group, 

BdK and JoUlh rivers (junction of), Uear P&H. 

Cotteeiio H^gbuMi, 1880* 


Ghssoptori$ Of the usissl type* » 

Gmgaikopterii Vfttm. Hhsre is eue leaf which T cannot 

guiah from this species. ^ t 
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' \ ' 
Nogge^-athiopsk (P Rhiptozamites) U^lopi, Bunb. sp (Sstw.) Numerous leaves ol 
various sizes. 

Seeds^ small, slightly wiuged 

T nin&t confess that tliis flora, small as it may appear, reminds mo more of 
that of tlio 2ndaTul3r(l seams of the Karharbari coal fluid (Karliarbdri beds) than 
ol Uie tyj)ical Baiakdi* group. When Mr. Ilnglies next season takes up woik 
again, he will probably succeed in piocuring a few more fossils which may decide 
the (j[uu&iiun ; in the meantime they may remain with the Barakar gronp. 

h. RaiuyanJ ijroiq) (and Kdmthis). 

With this group I include also those localities which Mr. Hughes marked 
Kamihis. Hero also are plac(‘d the fossils colloctc^d previously by Messrs. J G 
Medlicott and C. A. Hacket. I name ilrsl the localities from the northern 
portion of the field, from the Gp])at riverarea; these constitute also the lower 
Gondwana fossils of the first collection sent by Mr. Hughes in March 18b0 
Then follow those in tJie Solidgpur district. 

a. Oopat rlva area, 

Rajbni, 2 miles west of Gopai ri\cr, lai. 4/, long. 81® 57*. 

Colhctw Hughes, IbSO. 

S(hhon(ur(r (/ondwanenm, Fstin. Just like the same from Iho typical Rauiganj 
gioiip, Rduigauj field* 

Vo (ebmria ivdic(f, Boyle. Many uico specimens. 

Oh6sopt(rh communiSf Fstin. 

Qhssopt, Old It a f Schimp* 

Ghssopi, angtiiftifoha, Bgt. 

Chivdindolj about 8 miles west-north-west 6f Bajbai, and about 8 miles v^esi 
of Marhwas. 


CollecUo Hughes, 1880. 

Schzoneura gondwancMh^ Fstm. Typical Rauigauj {ottHf 
Qhssopteris Jbrwosa^ n. sp. Babiganj species. 

* i 

MMn river (tributary of Gopat river), between Mitiarra (Mirhara) Goja 
(Ganjer), lat. 2^ S7’, long. 81" 68*. 

Colkctio Hugh®*, liUBOtk’w < > • 

. Sekitotmm ^twheanemit, Wtm. loMi* 

i eommiMiit IWtp- 

1 oon^ II liliVf no «UM» to (Ititingttid thil fern 

ffta M8ott1i)ing i (Imilar one 
X q»0iie4 Sf comp. 
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MaJidn Hver, near Minarra (close to the former locality)* 

Colfectio Hughes, 18S0. 

Sekigoneura gondwanmsi^^ Fbtiri. Typical Ranig nij form 
GlosBOfieris commeinie, Fstm. 

Ohssoptn indica^ Schinip. 

OluMsopU retifera, Fstm. Ranignij form. 

Ghssojot. angusitfolki, Bgt. 

Aieihapteris comp, whtbgtnsis, Gdpp. As above. 

Mahdn river^ near Tausar, close to junction with Uojiai rivor, uoith of tho 
pi'cccding locality, 

ColUcth Hughes, 1880. 

Vertebraria indica, Royle. 

Gloseoptens sp. 

Paras/, west of, — from stream ninning Im^IwooH Piiviisi niul Kuiijwar, about 5 
, miles east of Gopat river, lat. 24® 2", long. 82"* 7". 

Collect h IfughcB, 1880. 

GUtssopteriSi sp. Fragments 

With this area also those fossils eontaincil in our collections huM* to be in- 
cluded which wore collected by Mr. J. Q. Medlicott, ISGl, and are labelled “ South 
Hewah.’’ The fossils are— 

Vertehraria indica, Royle. 

Stems. 

Glossdptens communis, Fstm. 

JSoggerathiopsis hslopu Bunb. sp. (Fstm.). 

Voltgia heterophyllotld^t The determination of this species fiom this coal-Jield 
is now confirmed by Hr. Hughes recent speeimeus. 

Small seeds. 

These fossils, however, correspond very much with those of t lie next following 
locality, in the Sohdgpur districti 

/?. Sohdgpur DUlricL 

Eardi, noat^about 15 miles south-oast-south of Soliagpiir, long. SI’ 30^ hit, 
23® 6^ 

Collectio Hughes, 1880. 

Pirtebraria indica, Royle* 

GloSeopieris ^mniSf Fstm. 

< Nbggerathkpds kiskpi, lEKmti* sp^ (Fstm)* 

VoHzia heterophglla, Bgt* Sevevikl leaved branoblets* wliioh leave no doubt about 
thR species. , 

>v Samaropsis eomp« |{eer, seeds* Imowu also from other plates. 

Kadliodkir, »1>on« U oilea 
Ghu^fpHt 
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m South liiwah 

CoHecUo J G. Medlicotl, 1861 
Tirtchrana \ndi(a, Royle. 

G1 Mpton communis^ Fbtm 
Olossopte? n hrou niana, B^t. 

Olossopt damudicat Pstm 

Sun west of Gainii, Soliii|vpni dibtiict 

GoUtcfio llackct, 18?2 

Fosftils in a cliik gictiiish-gicy sandy slialc Considering the fossils, 1 placed 
tins locality with the Ramgari] (Kimtlii) group, which now by Mr Hughes' 
fossils fiom the same loeahty (sec nc\t locality) is fuithei conhrmod 
The fossils 'were — 

Vu feht ana niditat Rovlc ^ 

Maaofictiwpfcn^/iddaii, Fstm Like the saiat m the Kamthia of the Ndgpui 

Hi i 

Glo6iopk>t6 tommunfff PhIoi 
Diftijoj (e)idnm W bp* 


Sun nici, lieu G<ii uu (is wiithu by Mi Hughes — Gmuiu on the Indian Atlas) 
cibont I mile eist ot Son inei, long 81° 23 , lit 23"^ 28' 

Collaito ilughes, 1880 

This IS evulc ntly the same localily as tint above mentiomd of Mr. Habket 
Ml Hughes' fossils aie in two kinds of shale, one dark greonish-groy sandy, like 
m Mr ilacket s speciTnens 5 the othei light yollowish-grey soft clay«shalo. 
a — .Uaik qiecmsh-grt y shale— 

Sdnzoncuta qondwan( nbu, Fstm Baniginj typ6 
GlosbopUns iommunts, Fstm 
Glossojft li dua. Sell imp. 

Stimmm gymnospt) mat um 

These iossils iL<ivc no donht aboat the Ranig^j hoi^l^b of this bod, toi.dotor*' 
nunod oJiuad^ bobic by mo fiom Mr Hockot’s speoitttony. 

l> — 'Light j tllovnsh-grcy shale 
Glohiojitem angutlicfoha, Bgt 

Shtpidopm, n like in tlio Kdmtlus nn the i$^th (jlpd&viUi (Knnlaol^eiM, vngi' 
’ nally a gemui lu the Rasbiau dnia of the Rsbeliota wuutiy). 


8m tttief, opposite ^arsi. 




<^90etv) HughtSi 1889- 


.iribiifcjidlglMtt i 

Chill : 


liiBOSPO 



Cljf of the tyjpionl 

Nkmlod V oocmt* 
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occurring mostly in the Banigsinj grou{). Wo can iu fact sny, Bekhonmra is the 
characteristic feature of these localities in South Jlcwah, and is more widely dis- 
tributed hero than Totiebiarla^ as out of eleven localities, Bdtiztmrttra occurred in 
six and in great numbers, while Vatdnaria was found only at live localities. Of 
Other fossils I would specially point out the following — 

Macrotmiojptoiiiy fedJeni, F^tm. I both of the topical Banignnj 

Olo^soptem /o/mesa, n. sji., Fstm., i group. 

AIithopterh.^Thi>rQ arc two ])iima? of an Ahlhopff i /s wdiich has to bo referred 
to the group of Al, loliithyetisis^ ^ fragToent of an intjfojtlu Idtum lias to 

be referred to Ang. mc'OleUandi. 

VoUsia hdoophi/Jh, Bgt , whhdi wo already know from the Karharbari lud^, 
is hex*e again represent (d in the Raniganj group, and lu/t rar<», 

r, Hitpin^Damwhis, 

On the labels of several fossils from two localities Mr. Hughes has indicated 
the horizon as ” Supra-Daniudas.” To judge, however, tioin tlii' fo-.sds and from 
potrographical chaiU/cter of the specimens, ilio tossils m(li(*ate lower Gond- 
wfoas, although representing perhaps two horizons. 

Datgaony on the Johilla river, about 4 miles north-west of Pali. 

CoIIectio Hiighos, 1880. 

Verfehvaria indica, Ro)le. 

According to our prosont knowledge, Vet hh aria is espociidl^ typical of tlic 
Damuda division,* and in default of other fossils, I would consider tlus localiiy 
to belong to tliis division j it may bo Raniganj (Kamthi) group 

Pa/rsora (south tolah), near Boli, about 6 miles north-noi th-east of Pali. 


Oollediio Hughes, 1880. 

The fossils from this locality arc very interesting, especially one now species 
They arc proscrvc'd in a red-brown, higlily ft migmous, micaceous shale, com- 
pletely agreeing with the rock in which Mr. V. BidPs fossils from Latialmr, in 
the Auranga coal^Bcld, are preserved, whioh as to Ihg horizon* were loft undecided, 
although Mr. Ball thought that they are probably “Mahddcvas.” Coiisidoiing, 
however, the fossils, amongst which there is Verteharm and Oht^Hoptmhy i 
treated this locality^ os belonging to the Panchets, and it might be the same 
case with the present locality in South Bowah, and the more so as the iossils 
would perhaps support that yiew. 

The f ois^ 

jDan«op*U,'-X new epedei—iit nmn^tonii spmmene, 


, ' 01 tUds genii4 ina» ]d«>«itin wiUi two 

* There ere Mvoral .peoiiMWIi ilie WA ef 

and alee frem » denhtilnl 
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jD. maramtacea, Hoer, from tbe German KenjKjr (Upp^r Tiias), and 
rojmahahnsis, Fstm., from tlio Bajmahdl gioup in Bengal (R&jmaLil hills). 
TJie present species differs fiom both. It is a much larger form than jD, rojwa^ 
haUnsIsy Fsim., as is especially seen from the ihickncss of the rhachis and the 
midribs of the pinnulaj ; the veins also have another direction in JD, rajmaliaIen$fSy 
passing out at a more acute angle from the rhachis and running straighter to the 
margin. Danaopsis wmantactOy on the other hand, is again bigger than our pre- 
bont species, the whole frond appeals much larger, the pinnulu) longer, the midiibs 
thicker, and ebi)ecially the to]) pinniilro much larger. There are two spocimoub 
in Mr. Hughes’ collection, showing the top pinnula, which is shorter than the 
other pinnulai, while in P(m. n/aiuntficta, U(tr, the top pinnula was equal in 
size to the others. J refer especially to Schimper’s fignio Tr. d. Pal. v6g6i, 
PI XXXVll. The secondary veins in Dan maranfacta agree well with those 
in our jiresent specicb. 

But there is an important character in onr }»reseni species o£ Danreoims ; 
the prmanj rhichU of the frond is dichofoniomttj foilcedy as is shown distinctly 
by about six specimens ; tbe pinnulm at the beginning of the fork on tho inner 
side being reprobentod by lobes only. Below the furcation the pinnulas are also 
only small. We shall have to take this picsent sj)ecics as intcimediato between 
jD, rojmahalivsis, Fstm., and D. waumtaceay Hecr, with closer relation to the 
latter. All other details will be given subsequently with illustrations. It will 
bo describoel as !>• hnghesL 

Thimfddia comp, odonfo^ieroidesy Moor. sp. There are throe fragments of 
fronds, with forked rhachis, which have entirely the aspect of Thmnfeldia odon-- 
iofteroidfSy Moor. sp. A similar fern was alieady brought by Mr, Grieshach from 
tho Panchets of the Unmkola coal-field, and this plant would bo a support for the 
view of the locality under discussion being of the same horizon. 

Neuroptendimiy sp. There is a portion of a frond which appears to be single 
pinnate and belongs to Professor Scliimpor’s triassic group of Neuropteris, dis- 
tinguished as Nenropteildlmi, Wo know already one species from the Karhar- 
b&ri bodb Tbe present one appeal's to be different. 

Ndggcrathiopsis hislopiy Bunb., sp. Portions of large leaves. This species is 
known from tho whole Talchir and Damuda division. 

This is certainly a very interesting association of forms, but it no doubt 
shows that this locality has to he considered as belonging to the Lower 
GondwdnaS) probably Panchets, but Danoet^m would be another form helping to 
Inridge over the break between the lower and upper ObUflil'^&nas. 

gondwanas. 

IVxl UteiiDtft iAkportaat Sifo, ie, 1 thiiilc, tb»t of (lie 

HiiUdi (of ihe (3^^ 'Mo), k UiUWali. lii ie vmdonbtedly 

evinlil^elied Wfmmm tlli^ ^e ae in ibe Oeatml 
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Tikif about 6 miles south of BeoUari, long. 81° 20 ', hit 23° r>(>’ 

Colled io Hnglios, 1880. 

Parasiichus Huxlty (MSS.) rcpi'esented by jiorlioiis of jaws, several 

teeth, numerous fragments of dermal scutes, vertebi jo, and other bones. They 
represent an animal about equal in size to that of the !MaIeii beds 111 the Ci‘iitrai 
Provinces. 

Uy^^erodapedon, sp. Jaws, appai^ently of tlio same animal as that of tlu‘ 
Central Provinces, but three of the jaws are larger than any hithorto known from 
the latter place. 

Unio, sp. Several specimens of a small Unio-likc shell also oeeur. 
h, jAHALrUR QkoIP 

There is another horizon of importance in this coal-field, as it cont.iins Ix'sidi^s 
most of the Jabalpur plants of the Satpnra basin, also others, and esptvyilly one 
species characteristic of, and hithtido only kno’wii iiom, the intcrniediate beds* of 
the upper QondwAnas on the south-east coast of India. 

Banm, on the Machrar river, about G miles south-west of Chandia. 

Collectio Hughes, 1880. 

Aleihopteris whiihj/cnsu^ Gopp. Typical form. 

AlethqpteHs indira, 0. M. Probabb only a lai^er variety of tbc foinuT. 
Alethopieru medlicotiiana^ Fsiiu. TJie same typical foiui as iiom nuai Jabalpur. 

Besides these, there are three other ferns which require further oxaminjition. 
Podozamitee lanceolatus^ L. & II. Numerous specimeus. 

Ptilophyllim cutchenez^ Moor., in dark sandy bli.de, rosembling biinilar shales from 
the Sber and Hard rivers. • 

A pycadeaceom fruitleaf P 

Tavites tenerrimus, Fstrn,, a Jabalpur group species. 

Taontes ptaTinSffnim* At first described fioni the Rugavnpuram shales, the Sri- 
perniatur group, and the Tem&veram shales, now here represented by several 
specimens, one a very fine one. I think we have to consider this species as 
surviving from these iutormediate beds on * the south-east coast into tho 
Jabalpur group of South Bewah i it is not met with in the Jabalpur group of 
the Satpnra basin. 

Srachpphyllufn mammiliare L. A H., completely tho same foini as in the typical 
Jabalpur group near Jabalpur, 

JBehinosirobus rhombious, Pstm. ^ 

Ara^earites tUteAmzts^ Fstm. The sama as in Cutch and the tjpical Jabalpur 
group. 

Qinffkot up., a small lea! with a thiat stalk 
Some other ooni&roim bra&cihea^ 

It will be V617 intorestuxg hell hfm ifova Ur. des6ript)ona m what 

relation is Jabalpur grpup i$ jbo the 0I ' 

To make this list of fossils cpxpplete, I have still to quota 

* Bagavapuniifi jmnzp llM||^atvr Aales. 
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a few fossils wliich in 1872 were btonght by. Mr. Hacket They were already 
mentioned, and some figured in my Jabalpur Flora* and referrej^ to as from 
“ South Rtiwah.” I have since found a label referring to these Sdiith Rewah 
fossils and giving some information as to the locality. 

Ohandia^ small nadi south of, — South Eowah, Singwara district. 

CoUectio Hackot, 1872. 

1877. PeiHtmantel, Flora of the Jabalpur group, etc , Pal. Ind., IX,, 2. 

Ahthopterk mcdlicoUiana, Fstm., a small specimen not mentioned in'my Jabalpur 
flora, found subsequently, will be figured together with Mr. Hughes' specimens. 
Sagenopieris ? sp.,* Feistm., L c., p. 10,*P1. Ill, fig. 6. 

Podozamiks lanceolatus^ L. & H., Z. c., p. 11, PI. Ill, figs. 7,8, 11, 12. 
Podezamites spatJmlatuSf Fstra., Z, p. 12, PL TV, figs. 11, 12. 

Armicaritefi cidclkensiSi Fstiu., Z. c., p. 1C, PI. XIV, figs. 11 — 13. 

Pf^hmostrolms cxpanxvs^ Sehimp., p. 17, PL XI, fig. 5. 

Poh, rhomhicuSf Fstin., Z. c., p. 18, PL XI, figs. 6—11. 


Further NOTES on the correlation of the Gondwana flora with other floras 
hy OTTOifAB Feistmantel, M.D., Palmontolocjisty Geological Survey of India, 

Flora of the KusnezJc hasin mid Tmgmha river, Siheriai 

In a short note ip. tho first number of this year’s Records with reference to a 
proliminaiy paper of Mr. I^chmalhansen on the jnrassio flora of the Kii^ezk basin 
and Tungska river, I compared the Indian (and Australijth) leases formerly 
known as NSggeratUa, hut distinguished by me ^JISgger(dh{op$isi witjh the Sibe- 
rian Eldptozamites SchmaUi, which also had at d?®cri!bed as Noggeredhia, 

I hitve since received Prof. Schmalhansen’s workj., ill;dp^ted with.^t^n pUtes,® 
imd I would now complete my reference to Jus.oh^ervkjii^ns, 

My supposition of onr Ndggerathiopmj^i i 
being in closest relation is n^w co^dBriued. 

, and the characters of the veins is ;in both gWem cSmpletely ! id^^|lcW 
r. only difference between theih being olp^ier; 

.This ’Character might eventually be tak^ as a kpefeiflbal distinction ph^ 

' tjhe, genera might be identical^,'j::;'|ta»s. of,^ob^ necessarily 

iegardujg, the , jcoj^latibcl^ 
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cycadoactons nature) with the Cyml^wco^ togfotlier \sitli well-known cjcadca- 
ceous j^enox’a, buch as Gtonophyllifniy Diuomle^, and PodozamUo'i ; in the liist 
instance these loaves {Rhiptozarnttis) which are dcscril)cd as pinnah^ (I used for 
the Indian loaves the expression fohtn loserialibn^)^ art' compared vuth forms of 
Fodozamito% as I also had done with the Indian leaves, before Prof. Schmal- 
Jiauscu’s paper was in niy hands.' 

The Siberian leaves arc described as deciduous, l^eing gcnoi\illy loutid as single 
leaves ; this certainly was also the case with the Indian forms, as all the leaves 
hitherto found were detached (/.e. p. 24). 

Prof. Schmalhausen also points to the unoquilatoral shape of the lea\ts, 
adducing this as a chameter in favour of the view of tlie fronds having been pin- 
nate, in which case the loaves generally mot with would be the piniinla* A 
similar character had already l)ocn observed in the Indian leaves from thcNigpur 
area by Sir Oh. Bunbury, who expressed it by sa^ingtho loaves were “not sym- 
metrical, but very shglitly oblique,” and 1 conlirmed it su])sequenfl\ fipm the 
Karharbaii Hpeoiraens (/ c p. 2t aiitl figures); it is seen also in all tla 
specimons from the other localitii s, so that we may fairly use this character in 
support of the view that the detadud leaflets belonged to a pinnate frond 
Amongst tbe Indian specimenbuot one bas been observed sli owing the connection 
with tlio btalk; but there ai‘e bi'veval specimens (from the Raniganj field, from 
South Bewah, and the SAtpuva basin) wliieh show such an association of two 
or three loaves as fombly reminds us of an aiiangemont of the 2)nuinltt) in a 
pinnate leaf. 

With this close gonorical relation (eventually identity) of lilnpfo^iamiifs 
Sclimnlh. aid Ndyyerathlopsis, Fstm. in view, we are completely justified in 
placing these latter also with the order Oijcadeiicece^ family Zamiui, and have to 
compare them, as I have already done, with the fossil Podoznmdf which is 
essentially amesozoio and prominently jnrassic genus, known in the Up|ier 
Gondwdnas in India, in the Knsnozk basis in the Altai (in association with 
Bhiptozanitf^), and in tlie jura^of B. Siberia and in tho Amur countries ; also 
numerous in Europe. This cycadeaoeous plant, Noyyerathiopbis, is rather 
numorous in the liower QondwdnaB ; it ooctiTR in— 


Tub TAtonpi Dmsrow 


Dawba DivMimK 


{ WcWr group; rare (0eogliiii). 

Kaif'karbdri bed$: tery numerous both in tho Kailiailidri Sold 
(New* 1, 2, d and in tho Moh])4ni coal-field. 

\ Barlkar group t^BImkola c<)«d field, South Uow.ih coid-ficUl, Sdtpuru 
hadn and Umrdt). 

lUiniganj coahficld (raro); South llowah 
(frequont). ^ 

dUtriot (fcdmthb) i 

tho just as promiyiont 0 


Ndjigerathiopstii tho ju$t as promiyionto 

feature as or Sw tho Uppey 

anil ooaeoqtuwlilir tl»« ((WMi ZioW^lr *«4 tJp{i<» (hmiviim k 
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now — as roQ^ards at least the Oyradeacem — to a groat extent removed. Tliis bi'oak 
iH still more filled in by the interesting circumstance (to bo noticed presently) 
that there are other forms, both in the Lower and Upper Gondwanos, which find 
their close analogies or identical representatives in the Jura of the Altai and 
Siberia and elbcwhere. 

Before proc(*c(ling to this point, the systematical position and analogies of 
Nofjfjcrathiojisis, Fhtin , may bo therefore expressed tlius-- 

CYCADEACBiE 

a. ZAMlLiB 


J^ogge} athopsis, Fatm Noggeraihiopsih^ V&im. JthiplozamiteSt Sclimnlli. Podozamifee, lb* 

Juru — (UpiHjr Oondwdnas,) 
iu liuliu, Siberia, and 


ralawiHO — AuHtralia 
(N. S. Wales). 


Lower (londwihins. 


liului. 


Jura — AUoi niitl the 
Tungusku River. 


elsowhere. 


Tho# Jurassic flora described by Professor Schmalbaiison from tho Altai 
and the Tnnguska river, ^ is further interesting, as it contains several forms 
partly identical with and partly closely related to spccios in tho Upper and 
Lower Gondwaiias of India, representing tlius, so to speak, Jin amalgamation of 
parts of both. Taking also the other Jurassic floras of B, Siberia and tho 
Amur countries (llecr) into consideration, wo can establish tho following list of 
correlations 


GONBWANA SYSTEM— India. 

a Uppbb Gondwanas. 

• 

Alet^opfcth whiihgensiSt Oto^p. Kaeli and'j 
Jabalpur group; Sripcrmatiir gioup 
(Sripmuatur and Vcindverain). ► 

AUthopUris indica, Oldb. and Morr. Sri- 
{KTiuatur and Rdjmahdl gi'oup, 

JOicXrsonia hindrahmenm, Fstin. lUjinahal 
group. 

Podozamffes lanceolafu^ Stdainp. Jabalpur 
and Sripermatur group. 

Atumozizmifes (PierophgUum) princepe, 0. M. 
Rdjmahdl group. 

Anamoxamttef^ UndleganiM, Sebitnp. Sriper- 
matur group. 

0mgh> lobata, Fstnu Jabalpur group. 

0zeHnomiCa t and Phbnmpm P Jabalpur 
group, 

' b. liOWBB GONDWANAA. 


JURA— SiBBBIA, BTC. 


Asplenium wUlhgemet Hoer (Sibiiia and 
Amur countries). 

DicheoMa comoinna, Hoor. Amur countrios. 

Podoz'mitet tanceohtue, eiohwaldii otc. 

K. Siberia and tho Altai. 

Aftmozamites ecJmidtu Heer. Amurcouu^ 
trios. 

Anomozamitee Undl^anuit Hoer. B. biboria* 

OwgH diyitata, Heer. E. Siberia and Altai. 
(kfihanmikitB and Phtuzioopeie^ Heer. Altai, 
ADiur countries. 

PhplMhe^z, and Phglh ieli^ 

ScbnkaJyh, (G4pp. sp.), Altai and 
A Siberia. 

Simti similar Scbmalbauson, h 0 . 


Stem of tbn samo- 

‘ I leave floriiv Ksuuntry out bcre,>n4 rnfw tc tbe Asiatic 

(Siberian) forms only. ^ 
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GONDWANA SYSTEM— IKDI A- coirfrf. 


JPh^Jhthfica Tohwtia^ Fstni. Runiganj group 
(Kajinahiil liiUh), 

Aleihopi&rh whHhyfmis, Giipp. Eaiugsuij'^ 
group. ! 

Aletliopierk linfieyana, Jlojlo. Kuuigauj • 
group. J 


Cyalhea comp. Mihaicheffi^ Scliinalli. 
Bnraknra. 

Diciftnnia hnyJieitif Fstm. Kaniganj group. 
Glosftopteris yanyamopierk, Lower (Joiul- 
wiSuas, 

{Ruhidyea, Kuroo bi'ds, S. Afru a). 


Svyqtratkiopsis hislopii Fstm. Lower (Joml- 
wdiias. 

Samaropm com p. parw /ff, H oor. K arli n rl )dn 
beds, Uuuigauj gnmp (Bijori). r«neln*ts. 
Sqnamte yymvospermarmn, Barukurs uiid 
Bnnigauj group. 


JUUA— SimmiA, ftc,— 
PhyllotUeca sehthchni'oicski, Schmalb. Altai 


Asplenium ndnlhyensc, Iloor. (Siberia, Amur 
countnos ) 

Cyathea ichkatchjp^ Selim., Altai. 

Dich^onia conrinna^ ITeor. Amur coimtriow- 

2^wioptcri^ yhssopfcroid(% Schmalb. Altai, 
This fern rewuihles strikingly (and is 
also by Sehnuilhausen comparwl with) 
G /o.9sop/er/.v in shape and distribution of 
veins, but ho«t no niidrih and no nnastonioMc^. 
Other speeimenR resemble O anyamopU 1 
autptsfffohat but they again want the 
anastomoses. The most closely related 
genus is RuhiSyea from the Karoo beds ; 
there is hardly any distinguishing character, 
but they are not be mistaken for my 
Valceoviitaria^ 

lihiptozamiles y&pperii, Si*hmalh. Altai, 
Tuiiguska, 

Ramtnopsittparmla, Hcct. Altai (See Schmalli, 
L c., ri, IV, llg. 3 b.) K. Siberia. 

Squama' yymimpermarum. Altai, 1’unguslva 
(PI. XV, figs. Id, 15, represent forms of the 
Baniganj group, wliile PI. XVI, fig 23, 
rejirew'uts a Bardkur form). 


Thin li&t speaks for itself^ aiid tlioro is nothing surprising in it wIumi wo 
ronsidor the close relations of tbo various pt)upH of the (Joudwdna sysKMii as 
indcpondontly obseivcd. We have in addition tin' occurrence of (Jln^tsfqdei 
in the Upper GpudwAnas, the representation of Piuhviviites in the Upper, by 
Ndggerathio^ms in the Lower Qondwanas, the occuiTeuco of OJo^^optn /? nij<l 
Vertelrariat in a horiaion in the Auranga coal-field, whicli Mr. Ball could not 
assign to any bed of the Lo^er Gondw^nas, but thought it shqjild iK'loug to ilu* 
MAhadevas (Upper Gondwdnas), although I think it may represent tlio l\*mclK‘t 
group, etc. There is also a fine collection of plants made by Mr. Hughes 
in S6uth Bewafa, which will farther illustrate this intermingling of the flora just 
on tho boundaries between the lower and upper beds 0 / the Oondwana system. 

These relations, which no doubt will fi.nd further illustration in ('ourse of 
the more detailed work of the Survey, show well the fitness of combining all 
the beds from the Talchir group up to the Jabalpur uudl K^ch group under one 
collective designation, for which ike namo 6fdMwdm »gskm was very happily 
chosen. 
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AlJlilllONAI* NOim ON 'IIJK AkTRSIAN WKriLfl AT PoNDlCHERUY, % W. KlN(J, Dcpuhj 
tin peri hicndotit (Math as) ^ GeoUujical Surrey of India. 

While my paper in tlic last number of the Records was in press, I received 
Homo furtlior details from Mr. Poulain, giving corrected lieights and discharges 
of water columns in the Savana and tJpallora wells, which were, inserted in tho 
lK)dy of the pa])or, but not in tho liitrodnction. Unfortunately I misunderstood 
Home of those correclions, as tli(*y arc explained in a later letter received from 
Mr. I’ouhiin, and therefore it becomes nccoKsary to draw attention to the fol- 
lowing errors : — 

On pnf?e 113, line 33, for * tlircc ’ read 0 5 ; for * 4t ' read 30. 

On paj;!* 1 1 1, line 10, lor * lUMirly I foot’ road 3 28 feet. 

On ])age 120, line 21, for * 14,* read 30; for ‘one’ read six. 

Tlicse corr(*eiioTis are made from a later note puhlished in tho ‘ Travau,v 
des C(nHmission<^ Lorahs' wdiieh m^ friend Poulain has fnrnishc'd since the pnbli- 
eation of my paper, and of the existence of which I was unaware until now. A 
ti’anslation of this note is now a])pended; it follows as number live on the ‘ Ex- 
periences of Mr. Poulain’ given in Appendix 11 of my paper. 

E^cperldice at Savanaf 

“The latest information given on tho progress of the borings up to the 
nth September left the depth at 52 G8 meters and tho discharge at 90 litres 
a minute. 

“ The discharge increased ])roportionally with the disengagement of tho 
sands at tho bottom of the asc'Oiiding column. It is now at 136 litres a minute. 
During the working the water had a very marked yellow-ochrey colour, and it 
became limpid as soon as the work was stopped. The actual depth is 53 meters. 

“We have verified tho hydrostatic level of this source, and as the gi'ound 
surrounding our well has lately been raised by the heaping up of the excavated 
material, wo have been obliged for exactness to take the level of tho old soil. 
This having been ascertaiuod, tho rise is 1*96 motors above the soil. The water 
has not lowered from this point. * 

“Regarding tho uses to which the water of tho ‘Savana* well may be 
applied, wo cannoj^ do better than reproduce in text lihe official analysis given by 
Mr. Castaing, Chef de Service Pharmaceutiqne, at tbe requisition of tho 
Ordonnatour: — Depth of tho well, 52’68 meters. This water is limpid, colour- 
less, inodorous, agreeable to the taste, fresh. It contains 26 centigrammes 
of saline residue to tho litre, composed of earthy chlorides and sulphates* It 
marks 7 degrees on the * bydit>tJto6tre.* It boils vegetables well, dissolves soap, 
aud does not contain any organic matter, tt possesses all the requisite conch*- 
tions of a potable water^ and is edited for all ordinary and industidal uses. It 
leave Only' a feeble in boilers if it be allowed to settle for a short 

time.’* ^ 

“From an agricultural Jiolnt of view? knd the opinion of several native 
cultivators, the quantity of IlMpr now fur^dahOd by tbe well woaid be sufficient 
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for tlio cultivation of 12 cawnios of rice fields, oi‘ above double this superlicies 
for inferior (wiew^ts) grain. 

“ The sinking of the tube 'will be continued for some meters more or so to 
penetrate further into the water sheet.” 

Pondicherry^ ZOth Septemher 1877. 

Tlie search for these water sources is still being prosceutod at Poudicheny 
and in the neighbourhood, and this has been atlonded 'with ftnr suecoss; but 
the Government boring in the Ville Noire is now in alwyanoe, as it was found 
impossible, with the appliances at hand, to drive tlie tube down beyond the 
depth attained, namely, about r)r>0 feet, and there has been no furtluT rise of water. 
It is proposed to run down a tube of smaller diameliT, wluui oi)port unity offers. 

In the meantime, a now well has been starte(l by Governinent in the village 
of Ariankiipam, at about 300 yards from the south or right bank of tlio river of 
that name, which, however, is so far a failure also, though a idbiiig sheet of water 
was tapped at a com 2 )arati\ely slight de 2 )th. 

Hero the level in the surrounding wells is at 10*40 feet below surface soil, 
perhaps about the mean level of Ariankup river, wliieh is tidal. 

At 32‘28 feet, water rose to a height of 3 83 feet over the surface soil. 
This water appears to have been the purcbt yet obtained in this way. After 
throe days the discharge ceased, and the w.itt'r disai’>peared from the tube 
Mr, Poulain conceived this might be attj'ibutable to accident ; that the lioJo 
made by the borer was larger than the tube, and that the water had passed away 
between the latter and the surrounding deposits and been absorbed into perTiicabhi 
beds above, and on this ho suggested to Government some moans for meeting the 
mibhap. The Engineer preferred to proceed with the boring and the sinking of 
the tube, and now ^ depth of \h7 feet h^is been reached without a further water 
sheet having been struck. 

The deposit latterly pierced is a clay or lithomargo of a reddish colour, with 
veins or streaks of white, such as is occasionally mot with in the sandstones of 
Pondicherry and Cuddolore, below which, according to ono account, is a conglo- 
merate of a groyish colour and hard enough to bo taken as an a 2 >pruaeh to beds 
of that series. 

It is indeed very possible the Ouddaloro sandstones may have boon touched, 
or that the borer is close on them, it being not at all unlikely that a s ub-alliivial 
ridge or plateau of those beds npiay exist at no groat depth bet u eon the Ariauk^ip 
aud Punear rivers, thorp being hpre a gap of rather unexplainable width in the 
I'od sandstone bplt. 

The general suoeossiou of beds in this boring is 

1. Siiudy Bpil and sandi, ^ ^ 

2. Thin band of black clay, 

3. Wmtish clay, * 

but this requires coxi^lpirmation. 

A private boring was put dow ago at Mudetiarpot, a small village 

in the vicinity of the Colonial an4 Savana filatute, aud a rising 
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those of water was tapped at 49 20 feet, which remained at nearly a foot below 
surface soil. The rise increased on the bonng being carried deeper, and even- 
tually stood at tlie level of the cfround, which is, however, 1*47 feet above the 
surface level at Havana, that is, 10 47 feet above sea-level. The discharge is 17*(> 
gallons a miTiuto, but the tube is filled with sand for more than 3 feet from the 
bottom, which whim cleared may allow of an increased flow. 

A block of wood or a tree trunk was met with embedded in the sand at 72 
h'ot, rvliich disapp(»ai cd, however, in some unaccountable manner after being out 
a I with the jumper for two or tlircc days. Mr. Poulain seems to think that it 
may ha\e been carried off by the cm rent of water at this horizon; but sncJi line- 
dom of motion is h.irdly conceivable m alluvial strata;' the trunk has boon 
])iol).ibly just shoved aside. 

The beds tra\ ersed arc : — 

Feet. 


Vegotdblp monlil 
Sandy soil 
Black (lay 

Coarse and fine sand . 


1*96 
31 65 
7-87 
39 36 


This succission would tic in well witli the sections exposed by the Havana, 
Jardin d’AccHmatation, and Upidlcin iMirings, though tho clay band has thinned 
out a good deal from what it is at the Havana well 

Another w^ell was comuioneed last }cur in the village of Archiwakuin, about 
7 miles '.outh of PondicOieny, which reached a dejith of 144*32 feet, aftei 


passing through the following strata. — 

Feet. 

VegcUldc mould . .... . 1*64 

Bed Buiub * * • 13 12 

Micawoub band « . . « . . 13 12 

Veiy hard clay of yellow ifch colour, streaked with veins of 

light green clay, with some layers of white eand . . Ill 52 

** A bort of MoLvsse ” of redd sh yellow colour ... 3 28 

8and8 


« 

The water as'^ended from tho later deposit to within 6"56 feot of the surface 
soil, tho wells pi the neighbourhood having their water at 13*77 feet below sur- 
face, or perhaps about sea level. 

This boring is stopped for the present, as tho pipe cannot be forced down 
any further ; but a second pipe is to bo inshriud in thi^, after which better pro- 
gress tnay be made. ^ ^ 

Tho bbring ih Mr* compound, was noticed in my previous 

pAjier (I c. p, 115), hoe feoeaft continued tiope of finding a sheet of 

better wdt(«P- It is, I beKhya the sod ths» any of the other wells to tho 

'sonth, and a oort^n oSoiUltbn hydrostatic loVol of that shoot observed 

» Fite i«nl biveiuetis pMrtw Ut hii*rd sod rocky strsK and mo»t 

tn sotehlo rocks, such 4$ S^pWfeOttcs. ' ' m ^ , 
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to be apparently in accord with the rise and fall of tlio tide ; but ,I have received 
no further information on this point As bearinpf on tliis an iuipoii;aut fact was 
brought to my notice by His Groce the Duke of llnekingliam in eonneciion with 
ilie tidal observations made at Madras by Colonel Ilairtl, which shows that there 
is veiy free percolation of fresh water into the sea on the coast there. It appears 
til at a well or cylinder was sunk in tlio vicinity of the Jiarhour works for a tidal 
gauge, and it was found that the water in this well became fresh in a veiy short 
space of time. This indicates a h(‘ad and large siip[>ly of water Avliieh should 
be struck by borings of no great depth. It may be that a stratum of this kind 
has been tapped by all the wells, except that of the Ville Noiro and in the 
neighbourhood of Pondichcriy, the few tubes put down liaving offered a freer 
exit than that existing, not only on the sea face, but also in the bods of the ri\ers 
near the coast. 

This observation at Madras implies that the flow of water shows itself at a 
very shallow depth, but the free jiercolation must he deeper than this under the 
Madras plain, for it is wtdl known that at the ordinary depth to wliieli tipon wc^lls 
are made here, tlicre is not free conimniiicatioii of their waters. For instance, in 
many compounds, wells have been dug at various spots, only some of which con- 
tain fresh waters. A case in point is that of Mr. Franck’s compound on the 
Mount Road, an area of about 3 or 4 acres in which, as far as I remember, 6 wells 
were dug, most of which gave brackish watci*, so h(*ro in tin’s small s])aco and at 
a very shallow depth, are seams of permeable strata whieJi can hardly be in 
free communication with each other. 


Salt in Rajputana, hj C. A. Hacket, Qtoloijical Snrmj of ludia. 

The soil of Rajputana, over wide areas, is iinprcgnatc'd with salt. This is 
more particularly the case on the western side of the Arvali i*ange of hills, 
where largo quaxd^itios of salt are manufactured from the ellloreseence dove- 
loped on the surface, and the water in the majonty of the wells is too brackish 
to drink, and iu some places the only drinking water obtainable is from small 
tanks in which the rain water is coUoctod. 

The pountiy on the eastern side of the range, north of Ajmero, -is also fro- 
quontly saliferous, but with the exception of a few places, like Sambhar and 
Bhartpur, not nearly to so gi*eat ^ extent as on the wostcjru side. South of 
AJmere, on the eastern Ride of the range, salt is not mot with in any quantity. 

So many doscriptiotxs of th^^ soirbes and process of luanufactaro of the salt 
of Rajputana hare boon pumishod, of which the most cotnplote are those in the 
Gazetteer of Rajputana and Reports on the Actoinistration of Iho Inland 
Ctistoins Dopartmeni^thatitis unnecessary for mb to enter into these particulars* 
The object of this pap^ h brief description of the rocks in tho noigh-^ 

bourhood of these salt sources ‘with'ipefojunee to the possible origin of the salt. 
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The salt lb obtained from four sources— 

Ui,— From tbo larf'o shallow lakes, from which great quantities of the host quality of salt 
are obtained. 

2nd, — From earth-works, or the collection of the efilorescence on the surface of tlie soil, 
re-di*ns()lving it in pits, and allowing it to ova])oruto in shallow pans* 

3rd, — Prom a oak hi me wells, ns at Ilhiutpur. 

4th, — From the deposits formed in old beds of rivers. 

1"hc onrtb-works used to be exceedingly numerous, particularly on the wcsti rii 
hi(l(* of ilie Arvalib, but they are now mostly abandoned. Largo quantitieb of 
salt were also obtained at Paclibadra, from pits sunk in a hollow supposed to be 
un old bed in the Liini river. 

Under tlio new salt revenue regulations tbo works at Bliartpur arc closed, 
but they were once extensive. In the Gazetteer of tbo BbaHpur State, salt 
figures as more than two and a half lakbs of rupees in the revenue receipts 
for 1873-74. The principal works w(‘rc close to the west of the city, wluTe 
ljiri;e evaporating areas were supplied with brine drawn from wells in the open 
plaiii. The nature of the source is altogether obscure: t hero is no natural sur- 
iaee efflorebcence or any otlier sign to indicate tbo salt below : rich cultivation is 
carried on close to the brine wells, and in other wells at a short distance off 
bweet water stands at about the same level. At the time of observation 
(nocomber 18G5) the biiny water was only 20 feet from the surface, and was 
said to bo 20 to 30 feet deep. A 'vsoU thou being worked was said to have been 
in use for 28 years, without sensible change in the quality of the water. In, 
one unlined well the 20 feet over water level was seen to be one unbroken mass 
of sandy kaukary clay, of the type so general in the great alluvial deposits of 
the plains. 

At present the manufacturing operations aro almost restricted to the salt 
lakes, the most important of which arc — 

Sdmblmr on tlie borders of Jeyporc and Jodbporo— 

Knclior-Kewnsa ... ... ... in SliHikhaw^ti. 

* IMdwdna mid Plndodi ... ... ... ,. In J(xlh]K>re. 

Lonkara ISuv ... ... ... in Bikatieor. 

But as I have visited only the first thTOe of these lakes, my remarks will bo 
confined to tbom. 

The Sdmhhar Lake — ^is situated on the eastpni side of the Arvali range 
(ludian Atlas sheet 33, S* E.)* greatest l^gtli is about 20 miles, and 
tbo average breadth is about 5 miles. lis greato$t dopib, near the centre, at 
tlie mi of iSho rains, is seldom latwre than 3 

Tho Arvali range near ilhje lake con8i$tB of sovoral broken parallel ridges of 
some of them rfeing to a height of 1,600 feet above the levol of tho 
pjoiu. The ground ridges is not much higher than the level of the 

plain to the oast, and is mQ^iiJljfri^lPvorod by the blown sand# 

Tho country cast of the mngo, and suiJWnding tho lake, is covered by long 
ndgos of sand running in aq^Jeabt ai^^ west direction^ ol ihem upwards 
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of 100 fcofc in height above the level of the lake ; thus the northern shore of the 
lake near Gudha is 1,184 feet above sea level, whilst An, about 1 mile from 
the southern shore, is 1,262 feet, Singla, 4 miles from the southern shore, 
1,292 feet, and Duri, about 6 miles east of the lake, 1,363 feet above sea level. 

These ridges of sand are formed by the west wind bringing the sand through 
the gaps in the ridges of quartzite forming the range. The lake is merely a hollow 
in the sand, lower than the surrounding country, from the fact of il.s lying under 
the lee of one of these high ridges and so protected from the blown sand. 

The drainage area of the lake is about 2,200 sciuare miles. 

Of the two principal streams that flow into the lake, one takes its rise about 60 
miles to the north-east, and the other near Ajmcrc about 40 miles to the south. 

As the lake becomes dry, a deposit of black mud is left at the bottom, which, 
when dry, contains numerous small crystals of salt. Mr. Adams, the Assistant 
Commissioner of Inland Customs at Sarabhar, gives tlio following section of a pit 
sunk 10 feet deep in the bottom of the lake near tbe lo\v water levfd opposite 
Japog. “ After penetrating through a layer* of about one and a half feet in 
thickness of the dark greyish sand which, when covered with water, becomes the 
black mud of the lake, about half a foot of quicksand with brine was met 
with. Belpw this a black micaceous sand occurred, which was much decomposed 
on the surface, but which became gradually harder downwards. A very similar 
stratum of micaceous schists’ occurs in wells about 4 miles to the south- 
east of Japog,” (Inland Customs Eeport, 1870-71, p. 113). 

Outcrops of these schists occur on the shores of the hike near Japog and 
several other places. They belong to the Arvali scries of rocks, of which mention 
will presently be made. 

Calcareous deposits of considerable tbicknoss are of frequent occurrence round 
the shores of the lake. They are well developed near Siimbhar and Nanwa. 
These deposits are apparently formed by the infiltration of water into the blown 
sand forming the banks of the lake. Upwards of 20 feet of this concretionary 
limestone Is exposed in a w^ell sunk on the southern shore of the lake near 
Kotarsina. 

The following statements relating to the specific gravity of the lake water is 
taken froin Mr, Adams’ report for 1870-71 (?. c. p. 115) : — “ The specific gravity 
of the lake water during the past rains never was less than that of sea water, 
the specific gravity of sea water being given as 1*03, while the lake water on 


30th JulJ^ gave 1*03* In Auj^t about 5 inches of rain fell, and as’ the evapo* 
ration^ owing to the humid state ef theAtmb^phere, was slight, the ’specific gmvitjr 
wak the same as :that at th;© i nuring September the speoifie gravity 

kepi at 1'04 ; in October |t ,1*06 to I'Ofy in November it vmed 

fenin to' spmo ot'frain, 

reduced"' to' ;l4|‘ W;'-i;'^i4'^*;in ''Pebruaty^J^i' ''' 
increased from 115 ieli; began 

differencs^^',jf>f gmtity' 
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TIk' si>ceifio of a fsaturnted solation of salt is 1*204(>, but on the 0th 

March the specitic of the highly concentrated lake brino was 1’22, and on 

tlu' noth Maveli 1*215. In this state the chemical solution is so dense that j)re- 
cipitaiion in the form of truncated pyi*amid-Rhui)od crystals (the well-known foim 
of the S^rabhar sail) is constantly oocnnnng, until a layer of salt about 2 inches 
in thickness overlies the mud of tin* lake/* 

Dr. IT. Waitli gives the following analyses of the lake brine (/. c., 1871-72, 
p 155):— 

“The Kain])les examined were as follows : — 

1. Lake brine — 

A. — Common brine from the lake, lOfh Deccrabor, 100 yards from the 
shore near Japog. 

15. — The same brine artificially saturated. 

0. — Urine from Japog, 2Jlh January. 

2 Subterranean brine, or percolation brine, taken from diggings in the lake 

bed at j daces where the surface watt'r had receded — 

A. — Urine from reservoir in u ailed enclosure No. 2, 10th December. 

B. — Brine from the same, on 13th January. 

(\ — Brine from a hole made on the shore near Japog, 10th December. 

3. Motber-liquor — Eesidue brine from tlie manufactui'o of salt in hjarh — 

A. — ^Motli(»r-liquor from ailed enclosure, No. 2, December 1869. 

B — ^Mother-liquor from the same, I7lh January 1870. 

C — Mother-liquor from walled enclosure No. 1, 26th January 1870. 



Lake Biiue 

Subtorrancan Brine. 

Mothor-Liquor. 


A, 

" B. 

c. 1 

A. 

B. 

C. 

A. I 

B. 

c. 

Dry residuum 

21*9 

27T 

27 8 

22 7 

20*8 

20*1 

30*6 

30*4 

304 

Wtttor 

780 

72-6 

722 

77-5 

79-8 

800 

68*8 

1 

68-8 

08*4 

Oliloride of sodiiuu 

19*9 

240 

248 

19-7 

17*5 

17*8 

191 

20*6 

19*4 

ftufphato of soda ... i 


2*0 

2*6 

2*6 

2*5 

2*5 

71 

9*4 

65 

Coi'lnmute of BOilft 

0*4 

05 

0-4 

0*5 

. ,‘1. . 

0*8 

0*3 

.4*4 

0*6 

4*6 

TotAli . 1 .. 

9»*9 

8^ 

100*0 

100*3, 

100*1 

lOOT 

99*4 

99-2 

98*8 

pBro6ntB^t>f foroi|$n sfilt^iu 
dry rosidu^^ 

81 

'9-2 

10*8 

^18*8 

" 16*9 

18*9^ 

37*6 

82*6 

36*2^ 

AveragO *.« 

$•? 


14*8 


35'5 
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Analysis of clay from Lalc6*hcd . — ‘‘The samplo was taken from the Lake-l7<‘cl, 
some feet under the snrfaee, when the i*of}or\oir was beiiif' excavated, in walled 
cuclosiiro No. 2, in Dceombor ISkW) 


Water 

... 

,, 

. 38*9 

Silica 


, , 

. . 250 

Oxido of alnmiiin, iron, Ac 

**• 

... 

86 

Carbonate of lime 

... 

... 

.. 81 

„ of magtiesiu 

,, 

.. 

.. 31 . 

Chloride of bodiuin 
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Sulphate of soda 

.. 

. 

. . 26 

Car1)oimtc of hod» 

*• 

Toiat. 

. . 03 

. 100 


“ Propm*tion of foreipfn salts in Iho soluble snl)slanee, 18*1 per coni.” 

The Ditlwdm salt lale — is situated al)out 20 miles to the west of the Arvnli 
range and 35 miles from the Sambhar lake in a norlb-wc^slcrly direction. U is 
about 4 miles long and IJ miles bi*(fad. During the rains there is mostly a foot 
or so of water in the lake, but which soon dries up. When J was there in Nov- 
ember it was quite dry, with the cxee]>tion of a few patches of mud. 

The origin of the lake is similar to that of the S«4nd)liar lake. It is situated 
under the lee of a short ridge, betwt'cn 300 and 400 foot in height above the level 
of the plain, and so protected from tlie blown sand, wliicli about here forms long 
ridges sometimes upwards of a JOO feet high, extending in an east-north-cjist 
direction. This is also the direction of the longer axis of the lake. 

Two dams are built across the lake at a])out throo-foui*ths of a mile from 
cither end, to cut off iho access of surface water. 

Tho mode of procuring iho salt differs fi»om that at the Stinihhar hike. At 
Didwdna wells of about 6 foot in diameter arc sunk in the bottom of tho lake to a 
depth of about 15 feet, tho bottom of the well is then pierced to a further depth 
of 2 or 3 feet, by a heavy iron-shod pole, when tlio hriiio rises suddenly to within 
4 feet of tho mouth of the well, at which level it constantly sliinds during tho 
hot weather and the rains. When tho wells arc first pierced largo quantiti<‘S of 
sulphuretted hydrogen gas arc evolved, and even in the old wells the smell of tho 
gas is V017 strong, 

Tho sections exposed in the wells consist of alternations of sand, and sandy 
calcareous tufa. 

The brine from these wells haa a specific gravity of abont 1*2. It is lifted by 
the or lever bucket, into shallow pans of about 20 yards squiire and allowed 

to evaporate, when the salt is collooted, 

Tho manager of the works told me that ihe ooj?t of manufoctiivo was only 
Be. 1 for 200 maunds. 

The Ka(Aor^SiciU}a $$0 lake^is situated in Shaikhaw4ti, about 30 milos north df 
the S4mbhar lake. It is veiy st^sllow^ wd when I was there, perfectly dry, and 
no manufacture of salt wSS carried oiH. 


F 
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faff If — The rockrt formiDg ilio Arrali range belong to t]»c 
gnejssic or nictannorphio feorios and ibo lower transition or sub-metamorpbic 
BonVs. Till* laltor scries consists of schists, slates, linit^sionos, and quai*tziles, and 
lijis been called Uie Argali scries. All the sections across the range show that 
the rocks have' been greatly disturbed, folded, and repeated several times. The 
dij> always high, seldom less than 70®, and oflcn vertical. Tho most prominent 
iMtnirs in the range are foriiiod by tho quartzites, the highest member of tho 
Arvali series ; thus, Taragarh hill near Ajmere, 2,855 feet above sea level, is 
formed of tins quaiizite, as well as the ridges immediately west of the Sambhar 
lake, one of wliich rises to the Indglil of 2,430 feet, and the ridges of quartzite, 
ol the souiheni portion of the range, south of Todgarli, attain an elevation of 
upwards of 4,000 feet above the sea. 

(/omplete sections of the Arvali series, from the gneiss to the top quartzites, 
are e\ posed both to the south, near Ajmere, and to tho north of the Sdmbhar 
lake in Sliaikhawati, but in tbe neiglibonrhood of tho lake only a skeleton of tho 
range is left, consisting almost entirely of vertical ridges of quartzite, the lower 
and softer slates, schists, (fee., having for the most part been worn down below 
Ibc level of tlic plain and covered by the alluvium and blown sand. 

Several outcrops of Ihe Arvali schists occur on the shores of the SAmbhar 
lake, particularly a few miles west of Sambhar. The only other rocks exposed 
are poiiions of two broken, roughly parallel ridges of quartzite, one at tho 
western cud of tho lake, and tho oilier near the centre, a short distance cast of 
Nanwa, The famous marble quarries of Makrdna are situated on tbe western 
side of the range, about lO miles duo west of ihe lake. 

No rocks are exposed in the bed of the Didwdna lake, but a considerable 
thickness of slates occurs in tho hills a short distance to the west 5 there are also 
some hills of quaitzite at Kolia and Patan, a few miles distant from the lake. 

Besides the metamorphio and suh-met amorphic rocks of which the central 
range is composed, another series of rocks, tho Vindhyans, occur near it on tho 
westeim side. The eastern boundary of these Vindhyons runs from Sojat to Khdi u, 
at a distance of about 20 miles from the western edge of the range. West from 
this lino they extend almost continuously to tho west of Jodhpore. The 
Vindliyons of this area consist of sandstono, limestone, and conglomerate ; they 
are but slightly disturbed, being mostly horizontal, and seldom dip at a higher 
anglo than They rest quite unconformably upon tho Arvali series. Good 
sections of t(his unconformity are exposed both at Sojat and Ehdtu, where tho 
nwAj horiiBontal sandstone of the Yindhyans rests npon the edges of the vertical 
ArvsJi slates* 

, As no fossils have as yet been found cither in the Yindhyan or Arvali series, 
their ago oaonOt bo deteminpd with any coHaini^T* There is a great break 
botireon ihe Yindhyans and the 0dndwanas, tho series in ascending order; 
and ae the lowest group, the XalJfeirs, of tho latter are probably pennian, tho 
Yindbyaiiis aro n 9 t likely t6 be ywafhger than the oarboniferons and possibly much 
older. Tioittnconformity tho Yindhyans and the Arvalis is very great, 

it is abnost neoessaty to suppose the Arvali was formed previous to 
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die deposition of the Vindhyans, in whioli cast* tlie Arvah bcrios would be of very 
ancient date, probably Cambrian. 

The favourite theory to account for the orit^iii of the salt in Rajpuianais, that 
the rocks of the Arvalib belong to the “ PornHiin sjsteni/* \Nhich is confounded 
with the saliferous rocks of England ; and that the* salt of iliis region is derived 
from some of these bods as jet undiscovered, being dissolved by the rains and 
rivers and redoposited in t lie shallow lakes. 

I have already shown that belli the Vindlijans and Ai vahs are older iUau the 
permian; but this would not dispose of the assu m}>l ion that ('ithcv one or both 
of these series might contain ‘•alt beds. As tlie lower beds ot tJie Arvuh senes 
are covered by the alluvium and blown sand in the ruighbourhoodof tlio Sambhar 
and Didwana lake**, it is impossible to say that salt beds do not o\ist in t hit 
position; but it is evident, from the wide distiihution of the salt, that it eould 
not be derived and distributed in the alluviiini from one or two local sources, 
and therefore, if the origin (»f tlie salt bo in the rock, its occurrence there must bo 
frequent, and the probabilities of detecting it (or traces ot it) in would bo 
A^eiy gi‘oat. 

1 have examined a very laige aiea ocenjued by the Arvali series, from llio 
extreme noHliern end of the Arvali range to within a shoit distance of IVIt. Abu, 
without finding any U*aee of a salt deposit, notwithstanding the numerous eom- 
plote sections of the series that are exposed, liom the gneiss to the Jiiglitst 
known bods. 

There seems even less probability of salt escaping detection in the Viiidliyims; 
for in the very large area covered by them in this region, both to the south-east 
and to the north-west of the Arvali range, the whole formation is exposed, from 
its very base, without any contortions to favour the concealment of peculiar beds, 
yet no trace of a salt deposit has been observed. 

The artificial lakes, wells, and rivers afford stronger evidence that the salt 
is not derived from either the Arvalis or the Vindhyans. There are several 
lai'go artificial lakes and tanks within the range at elevations greater than that 
of the plains. The principal of these are the Ana Sigar at Ajmere, situated in 
an eroded anticlinal fold of the Arvali strata in the* centre of the range, Pohkar 
lake near the western side, and the Bae Samand at Kankroli on the eastern side 
of the range. The water supplying those as well as the numerous smaller tanks 
of the range flows over more or loss complete sections of the Atvali rocks, and is 
in all of them sweet. 

Of the numerous wells sunk in the Arvfdi rooks of the range, I do not remem- 
ber that the water in any of them was brackish. 

The Luni river, and its nutaetous tributaries draining the greater portion 
and a long length of the Arvali irange, contain sweet water as far as the western 
'odgo of the range ; but after flowirg some distance oyer the plain to the west, 
the water becomes saline, and salt is depositc*d on the banks in the hot season, 
when the rivers cease to flow* At Paohbadra, 35 miles south^^west of Jodh* 
pore, large quantities of salt are **tttanufaat^Bbd h a valley near to, and probably 
an old bed of, the Lunh ^hb^Banas^ and its tributaries flowing to tho 
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cast, drain a conaidcrablo portion of tbe range, and the waters remain swoot 
tlli’ougliout 

Tlie wolls sunk in the Vindhyan rocks, on the western side of the range, 
contain, without exception, sweet water, while those sunk in the alluvium a 
short distance oif contain brackish water. 

As it seems improbable that the salt is denved from either the Arvali or tlio 
Vindhyan series, the only visible source remaining is the alluvium. It has been 
suggested that the alluvium is, in part at least, of man'ne origin, and that the 
salt lakes are parts of tlio old sea bottom in which the salt has accumulated. As 
no good sections of the alluvium west of the Arvuli r*ange aro exposed, the hods 
of all rivers being shallow, seldom more than 20 feet below the level of the plain, 
and as large areas, more especially in the noithem portion, aro covered by blown 
sand, it is difficult to produce any direct evidence on tins point. 

Mr. Blanford found a mollusk (Pofamulc’s laynnh)y an inhabitant of salt 
lagoons on the coast, in one of the salt pools near Umerkot, from which ho in 
ferred that an arm of the sea oxtondecl as far as this in recent times. But 
Umerkot is more than 300 miles nearer the sc^a and several hundred feet lower than 
the level of the plain near the Sambhai' lake In tlio portion of tho alluvium 
that I have examined, extending south to 25^ north latitude, I have not seen a 
marine shell ; but iu several places, in the old banks of the rivers, 1 have found 
Irosh-waier shells o£ existing species. 

In my examination of the alluvium west of the Arvali range, I mot with 
Hovcral ridges, many miles in length, of wator-wom boulders, often as much 
as 1 foot in diameter. Nearly all of them were formed of the hard quartzite 
of the Arvali series, and must have undergone much rolling to reduce them 
to their present shape. A short distance west of Kh4tu, and about 36 miles 
west of tho Arvali range, there are two parallel ridges formed of these boulders, 
about a mile apart at their nearest points and about 6 miles iu length, running 
nearly north and south. How far north they may extend I am unable to say ; 
but to tho south they roach in a broken lino to the Luni river, a distance 
of upwards of 70 miles. Tho boulders sometimes rest upon the Vindhyans, and 
are frequently isolated in the alluvium. The base of tho ridges is never above 
the level of the plain. The boxdders aro clearly superficial to the Vindhyans and 
of comparatively recent origin ; but whether they mark tho course of a large 
river dr of an ancient coast lino, it would be rash at present to decide. 

Omerai conchisions,-^!! the question of origin from rocks underlying the allu- 
Vium coxild Tje derided from all that is visible of these rocks above the alluvium, 
and if the whole nature of these covering deposits could bo told from what wo can 
see of them in shallow sections at the surface, the answm* in both cases would be 
in the negative, and the only sootoo remaining for the salt would be its local 
prcdttction from natural causes still in operation. Theoretically the case is 
pOBSiblCi OS modem (schoolboy knows that lakes without an outflow, and 
to a gresA oi:tent tho ocean itself, become suUno from the continual conoentration 
by what we call aweet water. In the present case, however, tho 

nveilwwith known data seems inadequate to the restdt, For a lomr time the 
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production of salt from tlus Sanibliar lulsc litih l)t‘tu on an oxu^i)si\c soulo, iin«l, hh 
a source of salt, the lake dates from the niythionl noo. AlytUs arc, no doubt, still 
a pojmlar product of cant cm porar}^ in volition, and \ cannot say whothcr histori- 
cal documents tlirow any li^ht upon tlic remolc staiislics of salt manufactuw? Jit 
Samblifir. But the facts in hand ai'c sufficient, with(»ut appenlinfy to ancient 
history; and 1 have seen no mention of any symptoms of failinpj in the supply. 
To accomplish so much 'witliin any reasonable time, with a catchment basin of 
only 2,000 square miles, would seem an impossible feat, and we must not forget 
that the formation of the lake itself, as already described, is apparently duo to 
conditions that are, at least geologically, modern; tJie n-ign of sand in Tlaj- 
putana may almost certainly bo assigned as a result of the ri‘ign of <piasi-ci\ ilized 
man, the Rajput and his compeers; for it can scarcely be doubted that it wan 
ouco in the possession of the forest primeval. 

In this connection it Ijas been considered wlu‘ther wc might not call in the aid 
of some of the great northern rivers. Ft is well known that the Sathj for- 
merly flowed far to the C'ast of its pr(‘scnt couisc, and it is geologically jiossibic, 
or even probable, that the Jumna once upon a time tlow(‘d through Rajput ana, 
west of the Arvali range. ' The waste waters of those rivers, distiihuted widtJy 
F)y overflow and percolation, l>efor(» the channels became' diverted into lower 
ground, must have supplied to tlio soil a very large amount of saline matter, and 
under suitable conditions of evaporation and ])ercolation this miglit bo retained 
in thosb upper deposits At the present day all the rainfall on the tract between 
the Jumna and the Satloj, whore is now the ‘divide’ between the basins of tlio 
Indus and the Ganges, including the water of some considerablo streams from tlio 
Siwalik hills, is wholly dissipated or absorbed within that area, there being little 
or no escape by surface drainage. It seems, hoAvevor, that tliis aid eaiinoi bo 
called in at Stobhor, without alnaost inadmissible assumptions as to changes of 
level. There is certainly no room to suppose that the area under consideratiou 
has suffered from erosion; and at present the alluvial spill from the Himalaya 
on the north meets that of the Arvali from the south about Ilissar, whore w(' find 
the low'cst ground in the cross-section of the Indo-Gangctic ])lainB at their waler- 
shod. The elevation at Hissar is 700 feet, or neply 500 foot lower than the 
Sdrabhar lake, 100 miles to the south. 

There is yet another fact to be considered in this discussion. Without ex- 
ception, so far as known, sweet water is obtainable from the alluvial deijosits 
at lower levels than the saline water, I cannot say that this has boon tried at 
any actual focus of salt production, but it is a fact of universal experience and 
practide in the region under notice and tlirougliout the plains of norih-wost India 
to sink deep wells for fresh water, where the upper wafer stratum, as very often 
happens, is too salty for use, It might seem at first sight that this fact would 
at once put out of court a question wo have had to leave undooided--^whothor 
there may not be recent marine deposits below the surface alluvium, which latter 
is everywhere proved by its fossil contents to bo of fresh water origin ; but it is 
abundantly proved lhat strata which must hwtro been origihaHy impregnated with 
1 See a<?cdQ», ‘ Uho Sa ihi Oszotlcor of fho ru»utib. 
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HciH w n t(*r become purged by the forced circulation of fresh- water underground 
hom artesian pressure, &o our fact is of small ac*connt in the argument for or 
jigaiiist marine strata in the alluvium. Jt is, however, of great weight in the 
aiounient foi the local and actually operative production of these deposits of salt; 
t«»r it is almost })eyoud (jucstion that, as a common x^henomcnon in Ux)per India, 
the saline condition of tho upper vat or stratum is due to the present 0 ]ieration 
of assignable conditions upon tlie surface and subsoil waters, wliether rain water 
or as derived by percolation or iiTigaiion from rivers and canals. 

With such good evidence of a lem ciii^sa of salt xn*oduction actually in opera- 
tion, it should certainly be an object of continued observation and study wlie- 
tlier such extromo cases of local concentration may not be brought within its 
action. It may, ncveitheless, be well to })oint out v hat alternatives remain lor 
those exirorne cases. We can, 1 think, eonfidiuitly assert that tho AiwaJi forma- 
tion (or rock series) is not tJio rexiository of rock-salt. These strata occur in 
many outliers far into tho alluvium on the xirolongatiou of the range, and always 
ill the same condition of extremo disturbance. Tlic'ro is a strong probability 
that wbat is seen of them in natural outcrox^s throughout tho range may bo 
taken as fully reinesontative of tlie v hole senes. Of the Vindhyans it may be 
asseited with even greater certilude that, so fiir as seen, they do not and never 
tlid contain rock-salt. It has e\en been conjectured that this formation, so far as 
known, is of fresh- water or subaerial origin ; but this very conjecture might on. 
courage the feiijiposition of oontt mporary salt dexiosition in contiguous areas 
while the iindisturh(‘d condition of these rocks would bo in favour of the tol.il 
concealment of any such deposits at a lower level than the actual outcrops. Tho 
area of covered ground here is quite extensive enough to conceal any such depo- 
sits of Vindhyan or of any subsequent age; and thus there remains thoxiosHibiJity 
of siicli a source for the salt of Sdmbhar and of other localities of appai*enily 
unlimited x>roduction. 


Ubooku or GAS km mud erufiions on the Arakan Coast on 12th March 1879 

AND IN June 1843. 

The following rox)orts by tho local officers upon cases of eruptive action on 
tho Arakan Coast are in continuation of those published in the Eocords for 
February 1870, Vol. XU, p. 70 ;- 

From lilNTO^OoJ-oNUt W, W, PnicHBRton, Deputy OoaunWoner, to tho 

^ Opmudasloiier of AralftaO, Akyab,— NOnAMi SSrd June 1879, 

BofMngt to your endorsomotit No. 451-222, tJoneral; dated 7th May last, on the 
eultjoct of a rtOont volcanic oiiruptidiii.'il have the honour to atato as follows ^ 

Tho Mra Assistant OominioMonor of Oheduha was asksd for a report on the subject, 
aud in Uk h0 stat^t thai tho «^tiou did not OOOnV on the island of Cbodnba. Sowe 
emon, who wove out at iea-fishbg at the Umo of tho ommnce, told him that they had 
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ol)bervod the phenomenon and ihou|^ht H occurred on ilu isLmd of Ma-Cyoo, wliilo poison 
residintf on that island «aid they had sovn the illumination M‘a wards noith of the it^land. 
The Extra Assistant Commissioner then states tliat afterwards lie was informed 1),> .i 
Bnvmeho medical practitioner who happened to be at Sindoway on the iii<;ht of the oeenr- 
rence, that the explobion took place on a small island situated south of the Thn-d.u- 
rh> oungwa ercok, in the Saudowpy diatiict, which Btatcment was corrohoiated b> some 
fishermen who came fromKha-Moiigdoon, in thoSnndoway district, and who happened to he 
fishing at sea at the time the phenomenon occurred. 

Previous to the receipt of your letter under reply, I had hoard of the oeeurrenee, and 
sent to the Extra Assistant Commibsioner of Cheduba for a report on llie sidiject, but tlio 
•oiitlreak of cholera in the town ])i evented him from making the enquiry for some time. 


Prom Ma/or M. C. PooTiH, *D(‘puly Commissioner, Sandoway, to the Commissioner of 
Arakan, Akyab, — No 3-19, dated 29th Apiil 1879. 

In continuation with the subject of your letter No 95, dated 4tli instant, I have the 
honour to raeuiion that when at IftsengouDg on the 12ili March, I saw the sky brilliantly 
illumiuaU'd by an eruption of the volcano at Cheduba. 8orae of the Buvmans witJi me going 
on shore and looking across the soa in the direction of Ohediiha distinctly saw the flauuN, 
You have doubtless received fuvllicr details fiom the Deputy Commissioner, Kyouk-Phyoo. 


From Major M. C. Poole, Officiating Deputy Commissioner, Sandoway, to the Commis- 
sioner of Arakan, Akj ab,— No. 3-90, dated S.indoway, 31 st J uly 3 879. 

In continuation of the subject contained in my letter No. dat(*d 29th April 3S79, 
I have the honour to furnish all the additional information I have hc^cn <mab]cd to collect 
regarding the volcanic phenomenon observed on the 12lli Mareli last. To my obKorvatiou 
it appeared to emanate from some island* lying noith-wcst of Iltsengoung; hut not t.ilung 
the bearings of the distant fUmee, I am unable to accurately define their position ami 
joined in the liasty but not unnatural conclusion of tlie otlier spectators, that it was in 
the direction of the island, of Cheduba. I visited the village of Ka moun-doon on tlie 
22nd instaut, and there held conversation with some who liad seen it; the day was 
beautifully clear, and from the slightly elevated shore, th^ southern extroiriity of the 
island of Bamree, the islands of Zagoo, Magroe Kyoon, and Yey Kyoon, all stood out clear 
and distinct like a chart ; in the distance could ho distinguished the shar|) serrated outline 
of hills in the island of Cheduba. The head-man of the village pointed out to me two 
sharp pinnacle^shaped rocks far out on the horizon, and known by the name of Kyouktalion 
which he said he was certain was the exact spot whore the flamos came from. Those rocks 
lie south of Cheduba, and when viewed from Htseogoung, in a line with the north of that 
ibland and Yey Kyoon. This latter island was the scene oE a similar occurrence in 1843, 
Captain Hopkiuson*s account of which I send a copy of. I am inclined to believe that most 
of these rocks and islands contain eavemous hollows in which petroleum or other gases 
« are generated, and that they occasionally ignite and hurst out. Several men who were at 
sea that night gave me different versions of what the aspect of tlie phenomenon was to 
them, varied of course by the different positions from which they saw it ; I am of opinion, 
however, that the testimony of the headman at Ka*m<^nn-daon is the most trustworthy, 
aud my own opinion inclines to an endorsement of hig view. 
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Krom iSrrvTN 11, IIovkin^ion, Officiating S<niov AsMirttanl Commissioner, Sandoway, to 
the Ooinniissionei ot Aiak.iu, Ak^ab, — dated 25lh Novouibor 1813. 

Havin<?, in compliance nith the instructions contained in yonr letter to my address 
No. 838 of the 21st ultimo, pi oi ceded to Rekeoej^ or Flat Island for tho purpose of raaltinf? 
enquiries into the volcanic eruption which has lecently been observed at the southern 
extremity of that island. I now beg to submit to you the result of my enquiries with all 
the infoimalion I have h(‘en able to collect in the matter. 

2. Befoio I give the subslanco of the Thoogyee’s dc]K)sition, I will endeavour to state 
*wbat I saw myself, premising shortly that whatever isldiulmay have been formed by the sub- 
marine volcano has cither sunk or perhajis, being meiely composed of mnd and loose volcanic 
Iragnuiits, has been washed away duimg the south-west monsoon, leaving no trace of its 
existence, and not even having disturbed the reef of rocks among which it is said to ha\c 
arisen. I lament exceedingly my total ignorance of geological science which would most 
piohably have led me to pass over much which was leally valuable whilst 1 noted down objects 
of trivial importance, and which also pieveiiis me from communicating any useful obscivation 
T might have made' in such language as would he understood by a scientific person. 

3. I arrived at Rugyoung on tlie third day after my departure from Sandoway, and 
immediately put myself in communication with the Thoogyee of the place, whese attendance 
to depose what he knew about the volcanic crnptioii and also to act as my guide to tlio site 
of their occurrence I procured for the following day. We started early in the morning 
and arrived near the small island in the vicinity of which the eruptions were remarked at 
8 P. M. I was obliged to proci^ed for upwards of a mile from tho island itself in the jolly - 
bout j reefs of sunken ro<‘ks iniining out in every direction preventing a nearer approach for 
(lie schooner, though otherwise the water was of a considerable depth, being fiom two to 
three fathoms within a boat’s length of tlie little island itself. My office has not been 
furnished with a general chart of the province, and I do not know whether the island 
lias been noted or not, but it may bo easily identified, as I was careful to lake its 
exact bearings to known points on the coast, I also made a rough survey of it by cii - 
cnmlerenter and enclose a sketch thereof, showing the hearings, site of volcanic eruption, &c.,i&e. 
Tho rocks which formed tho basis of the island wore chiefly the cornmon snudstone of 
Aiakan, iniorspersed with large masses of rock, of which No. 1 of the specimens 1 had Iho 
honour to forward in the Swallow is a fragment. I could obtain no distinct traces of strati- 
fication on any part of tho island, the action of the sea having broken up its suiface into a 
confused mass of rocks. I have marked on Ihe map the site of the volcanic eruption as 
given by tho Soogreo, but further than the more direction goes, I do not think much 
dependence can be placed on its accuracy. Tho Soogree never visited the volcanic island ; 
tlie eruption occurred during the height of ihe rains, when it is seldom clear for even a few 
hours, and the Soof^'ee’s nearest point of |obscTvation was, I should say, at least 4 miles 
distant. I. should infer that the eruption must have been on a small scale, since from 1L(» 
testimony of the natives it appears that none of the numerous rocks near which they were 
observed have been altered in position, neither cast down nor upraised. I have marked on the 
sketch tho situations from whence I took the different specimens before alluded to ; the trap 
Toch which 1 labelled hornblende was broken off a large rock about 12 feet square at top. 
The piece I have called felspar was from an adjacent rock, but smaller. I could only find the 
iron pytites on the side nearest the \olcano; there it was moat plentiful, and I might have 
collocM it ]by the mannd ; one speoifhen which 1 have called quartz i$, I bolie|;e, limestone ; 
its appearance at first misled me* On the sand mound I found large quantities of sponge of 

fsdiJFerent kinds. I saw tip coral on the island, nor any formation of it among the rucks, au 
nnosttsl circumstance in Arahan, I looked for pumicsi but did not &id any, 



PART 8,] 


AJililMiS io the Lihi\i.nj, 


209 


4. The above is all that occurs to tnc to remark upon, and I slinll now proceed to give llio 
subslanco of the information gainc'd from the Soogi’ee ho elites that in the month of W.igeo 
or dune, at about 8 o'clock in the morning, ho observed the ejuption for the first lime, issuing 
Ji])parcntly from between three rocks to the eastward ol hi villnge and about one hour's sail 
distance frvmi it, to the south of Tliee-hyoo-gyoung-lot, Wlilie kSiiiiil Ishind, (he one in tho 
sketch. The eruption was like fiie of .\ bright red cohun, and umtinued without inlenuisdun 
for tlirec days, when it eeased, .\nd di p moiit then ohservid that a siiutll island has arisen 
from the sea; this island lasted for about a month, but lie cannot when it actually dis- 
n)>peaied, for tho weather was vd-' hoi4eron3 during the whole time, and it was only l>y*a 
(.ilm supervening and the wave, tnbslding that he found the ishnd had coaso<l to exist. TIj(» 
sinT.ioe of tho sea wis as before, and not a rock was displaced ; deponent did not \isll th«» 
volcanic island, nor did any oiu‘ in his circle, the fury of tlie w W'*s prevented .all approath to it. 
When he first visited the isl nid nearest the site of the eruption, the only di mge he noticed w.u 
that some cocoanui trees had dis,i])pcau‘d -probably been washed nw.i.> — which weje pl.inted 
there about two j^ars ago. Dniing tbe time tlio (*ruj)lion continued iliere wms an unaecounl- 
able increase of water in the wells and t uiks of his village ; he also l(*li wveial slight shoeld 
as of an oarthrpiako during the time. Tho abo\c, meagre as it is, is all the infoniution 
1 could obtain from tho Soogree, hut it was fully confirmed by the different inhabitants of 
lickcoung whom 1 questioned on the subject. 

DONATIONS TO THE J\irHErJj\L 
From 1st April to SOrir Jrijn 1880. 

JDonorjt, 

Two specimens of coal sbalo with fossil idants from tho Ivarb.iibari coal* field. 

W. (1. Olphebts, Es(^., C.E., F.d.rf, 
Manager^ Karharhdri Collicrm^ JL L 7 ?. 

Forty-seven specimens of tertiary fossils from the neighbourhood of fCasauli, 

A. Mrllor, Esq., 

Read Lawrence AsgUim^ 8auawar^ KasaulL 

Mandibles of Bkyncholatus djcddc^isis from the Madras Coast. 

H. M. Daly, Esq. 

ADDITIONS TO THE LTBEARr. 

Fboii IST April to SOtq Junr X8S0. 

TitUi qf BooJcb, Donnrs* 

Abioh^ HERRMANiir,'— Oeologisoho Forsohungon in don Kaukasischen Iiandern, Theil I, Eine 
Bergkalkfeuna aus dor Amesenge bei Djoulfa in Armenien (1878), 4to, Wien. 
AdaiCs, At liEiTH.— On the Beoent and Extinct Irish Mammals (1878), 8vo, pubUo« 

Ball, V.— Jungle Life in India (1880}| Bvo> London. 

Hour, Rbv.i Airn Agrxo* BBrARTwaRt, 
Baltzrr, Dr« A.^P(nr Olamieobe (187S)» #0i Zurich. ^ 
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Tiihs of 7)o/?or?. 

1Jeih>umi:, Mi tor T?. TT — The Flora Sjivatica for Soutliorn India, Parts I— XXVIII 
(18(l<».7y), dlo, ALidra*^. 

This Indian Museum. 

Liiiish Manufiicliirinpr Tndnsfuo*^, edited hy G. P. Bmn ; lum and Steel, Copper Snieltiiiij 
PiMhs Foundim?, Tiu-plate and Zinc Workinf,^ 2nd Edition (1S70), 8vo, London. 

^ rottcry. Glass and Silicates, Fm nifcure, 2nd Edition (1877), 

Hvo. London 

Metallic Mininsf and Collieries, Coal, Building Stones, 
E\i»l(»sl\(‘ (^onii)oimds, 2nd Edition (1878), 8vo, London. 

Bronirs Kl.issen und Oidmiiigen des Thier-Ktdclis. Band VI, Ahth. Ill, Beptilien, Lief. 2-1, 
and 0-7 ; Bind VI. ALth. V, Maimnalla, Lief. 23-25 (1870), 8vo, Leipzig. 

CrruRCTT, tloHN A. — The Comstock Lod(‘, its Formation and llistoiy (1870), 4to, New Xork, 

ClTNN^^(,^l\F. ALrx.—Lidak, Physical, Statistical, and Historical (185d), 8vo, London. 

DiUtMti r, A -Jltudes S^^nthdtiques do (leologie Espciiinentalo (1879), Svo, Paris. 

I)o\nB. P. Ti troloiim and its Distillate Kerosine (1880), 8vo, Brisbane. 

The Autitob, 

DuiriInoy ut fiLiu DE BBAUMONT.—E^cplication do la Carle Geologiquc de la France, 
Vols. 1 (1841), II (1848), III, pt. 1 (1873), and IV, pt. 2 (1879), Text only, 4tc, 
Palis. 

I'lowee, Wm. Henry.— Catalogue of the Specimens ill n stinting the Osteology and Dentition 
of Veitchrttted Animals, Recent and Extinct, contained in the Museum of the Royal 
C<)lleg(‘ of Suigeoiis of England, Part 1, jMan (1879)» London. 

Fritsch, Dr. Ant. — l\iuna dcr Gaskohle und dcr Kalkstciiie der Pei information Bohmens 
Band I, heft 1 (1879), 4to, Pvag. 

Gaudrv, AliiJFRT.— G^ologio do L* He de Chypre (1859), 4to, Paris. 

Gervajs, Paul.— Richcichcs bur lea Mammifbres Fossiles de L*Amdrique Mdridionale 
(1855), 4to, Paris. 

Gera ATS, Pvut.— Zoologie ot Pnldontologio G<5n5ralc8, 2nd Series, livr. 1-3(3870), 4to, 
Pails. 

Hunt, Thomas SruRRY,— Chemical and Geological Essays, 2nd Edition (1870), 8vo, 
London. 

Malaise, C.— De^'eriiition de Gites Fossiliferes Dovoniens ct D' Afllouremonts du Terrain, 
Cr^tacd (1879), 4to, Bruxelles. 

Ministeee de L* Intbbibub. 

Meyer, Hermann von.— Die Fossilon Zabno und Knoeben mid ibro Ablagorung (1834), 
4to, Frankfurt-am-Main. 

UAtTMANN, 1 )r. C. F.— Palaontglogiscber Atlas, plates I— LXX, 4to., Leipzig, 

Neuman and Baretti.— Dietionary of the Spanish and English Languages, Now Edition, 
Vols* 1 and II (1854), 8vo, London. 

Oldham, Thus.— Geological Glossary, edited by R D. Oldham (1879), 8vo, London. 

pFAPy, F.— Allgemcino Goologio als exaote Wissensohaft (1873), 8Vo, Leipzig, 

PfaEF, De* P*’-' Der Meihanismus dor Gebirgsbildung (1880), 8vo, Heidelberg. 

PoMBLi At“-J?aldontologie du Deseripiion dos Animaux Fossiles de la Province D’ Oran : 
f Sp^Agiaires (1878), 4to, Oran* 

QtJ^NSTEDT, P* G*— Potrofactonkuudo Doutschlands, Band VI, Ahth, I, holt 4, with 6 folio 
* plaloa (1879), 8vo, IWpaig. 
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Tiths of Books* "Donot . 

lioEMEB, 1\ — Lotliaea Gedcfnos^ica, Tbeil I, Lellmen, Pulaoo/oioa, Toxt-l>aiul, iicf I (lS8t)), 
8vo, Stuttgart. 

SchlagintwbiTj-Sakunlunski, IIekmanx VON.— Eoiscu in lmli<‘n und lloch.ision, Band 
III and lY (1872 and 1880), 8vo, Jona. 

Scientific liosuHs ol the Second Yarkand Mission, Rh3’ntlu t.i, 1 \ W,1l T)nfi(nt (1870), 
4to, Calculi a. 

Home, ItF\., am> Vokk. i>i euU'MENi 

SiJiEEK, Ekvd. James. — T lie ({ro.it African Island (ISSO), 8us London. 

Spoil’s Encyclopicdia of ihe Indiislrial Aits, Mannfactiiics, «nd ConnncuMl Piodiut-, i ditcd 
by (?. <1. Andre, Division I (1870), 8vo, London. 

WiNKiiER, Dk. Gustav Geoeo. — l)i<« Scliichtcn dcr Avicula (\nit(irta innci-nnd Aussorlull* 
del* Alpi'n (1860), 8\<), Munchen. 

PERIODICALS, SERIALS, Ac. 

American Journal of Science rind Arts, 3id St'iies, Vol. Xl\, No'.. Ill — irt (iHhOj, 8\ 
New Haven. 

Tnu Editot^' 

Aniialcn der Physik und Oheniic, Bund 139*141 (1870), and New Serieb, lUnd IX, No*>. 3 
to L and X, No 6, 8vo, Ltiprig. • 

Annalcs des Mines, 7th Scries, Yol, XVi,No. (> (1879), 8vo, I^iiis. 

Annales des ScionccH G^ologiqucs Yols, Jl, (1870), To X (18/0), Syo, Paris. 

Anuales des Sciences Natnrelles, Otli Series, Yol. VIII, llotaiiiqnc, Nos. 3-(> (1870), IX, 
No. 1 (1880), and Zooloj^ic et J*aleonioloi»ic, Yol. Vfll, Nofi. d-f> (IS70), 8vo , 
I’aria. 

Annals and Magazine of Natural Jlistor}^ 6th Scries, Yol. V, Nos. 28— 30 (1880), 8\(>, 
London. 

Archiv fur Naturgeschichte, Jahrg. XLV, licft 6, and XLVI, lieft 2 (1879 and 1880), 8vo, 
Berlin. 

AihciiH3um, Nos. 2733 — 2745 (1880), 4to,, London. 

Boibliittor zu den Annalen dcr Physik imd Oliemie, Bund I, Nos. 2-12 (1877); 11 (1878), 
and IV, Nos. 3—5 (1880), 8vo, Leipzig. 

Bibliothi^ue Univevselle: Archives des Sciences Physiqucb ol Natundlos, 3rd Series, Yol. IFl, 
Nos. 1—4 (1880), 8vo, Genova. 

Biblioihhquo Univorsclle ct Revue Suisse, 3rd Series, Yol. V, Nos. 2 to 3, and VI, No. J, 
(1880), 8vo, Lausanne. 

Botanisohes Coiitralblatl, Nos. 1 — 13 (1880), 8vo, Leipzig. 

Chemical News, Yol, XLI, Nos. 1069—1071 (1880), 4io, London. 

Colliery Guardian, Yol. XXXIX, Nos. 1002—1014 (1880), fol., London. 

Das Ausland, Nos. 10—22 (1880), Roy.'Svo, Stuttgart, 

Geological Magazine, New Series, Decade II, Yol. VII, No**. 4—6 (1880), ftvo, London. 

Iron, Yol. XV, Nos. 374-386 (1880), fob, London. 

Journal de Conohyliologio, 8rd Se^es, Yol, XX, No. 1 (1880), 8 Vo, Paris, 

Journal of Science, 3rd Series, Yol. 11, Nos. 76—78 (1880), 8vo, London. 

Just, De. Lbopolp.— B otanischer Jahrosb(*rioht, Jahrg. V, Abth, 3, 18?7 (18/9), 8vo, 
Berlin. 

London, Edinburgh, and Dublin Philosophical Magaziue and Journal of Science, 6111 SeiicB, 
Yol IX. Nos. 56-58 (1880), 8vo, Iiondon. 
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Titles of ’Rooks. 

Milling Journal, willi Supplemcni, Vol, L, Nos. 2321— 2330 (1880), foL, London. 

Natuiw NovitaUs, Nos. 1—10 (1880), 8\o, Horlin. 

N.itur(', Vols. XXI, Nos. 511—618, and XXII, Nos. 519-553 (1880), 4to, London. 

Noues Jalivbufii iVir Minoralogio, Geologic, imd VaLiconlologic, Band I, licit 3 (1880), 8vo. 
iSt nil gait. 

Ocean Iligluva.ys, New Seiics, Vol. I, Nos. 9 (1873), and 10 (1871), 8vo, London, 
r till con tog rapliicn, Ilintl XXV J, lief. 4 (1880), 4io, Cassel. 

ralcortologie Kian^niso, Isi Series, Aunu.uix Inveriobrcs, Terrain Jurassique, Keliinidc'; 
llcguli<MH, livr. 43 (1880), Svo, Baris. 

rcicrmaiin's (loographiselic MIIIIk ilungon, Band XXVI, Nos. 3—5 (1880), 4to, Gotha. 
iVteniiamrs (jcograpliibclic Ttlltllioilungen, Supplinnent, Nos. GO k Cl (JSSO), 4to, Gotha. 
Proiessional Tapers on Indian Engineciing, 2iid Stnlcs, Vol. IX, No. 30 (1880), 8vo, 
Kooihce. 

Thomason Colleqe op Civil Enoineerino. 

Quarterly Journal of Microficopieal Science, Vol. II, No. 7(1854); No. XXV (1868), and 
No. XXVJII (1859); and New StMievs, Vol Xlll, Nos. 49-51 (1873); and XX, 
No. 78 (1880), 8vo, London. 

Thomason Ci\ii Engineering College Cidendar for 1878 and 1880 (1878 and 1880), Svo, 
lluoikee. 

* Thomason Colleob of Civil Enoineerino. 


(iOVEIlNMENT SELECTIONS, kc. 


Ulnoal.— Ill port on the Administration ol Bengal for 1873-71 to 1878-79 (1875-70), 8\o, 
Calcutta* 

Government op Bengal. 

„ Eicketts, ITenet.- Bepoiis on the Dihtricls of Midnnporo and Cuttack (1868), 
Svo, Calcutta. 

Home, Bev., & Aonic. Department. 

„ Selections from the Becords of the Go^eTluucnt of Bengal, Nos. XXIV, XXXTI, 
XXXIII pt. 3, aiidXXXVllI (1856, 1859, 18G0,and 1861), 8vo, Calcutta. 

Government op Bengal. 

„ Westlanh, J.— a Report on the District of Jessovc ; its Antiquities, its History 
and Its Commerce, 2ud Edition (187i), Svo, Calcutta. 

lIoMF, Rbv.,&Aoeic. Department. 

Hvherabap.— gtatislicid Report on Gangia or Meilghat, Use. 

Homb^ Rev., k Agric, Department. 

lN»U.-*-Ocnoral Report on the Operations of the Suivoy of India during 1878-79 (1880), 
Calcutta. 

Survivor Oenerai op India* 

Indian Moieorologioal Memoirs, Vol. I, pt. 4 (1880), 4to, Calcutta. 

MbTEOKOLOOICAL topORTER TO GOVERNMENT OP InHU. 
llegSiiictB of Original Obsorvalions in 1879, mdaoed and corrected. February and 
March im (1880), 4U>. Calcutta. 

^ * *M»TBOBOLoaiCAI. TO Govbrnmbnt op Ikwa 
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Titles uf BooJiS , Donors . 

— Lifeit of Cjvil Officers lioWiiif? Oazoliod Apr(niitiacn<s niulcr Iho Oorornment of Tiulia 
in the Home, Kcveiiiie, ami A4;riouIlunl nt. Hie Legislative and 

Foreign Departments, on Ibt Jaim.iij l.sS<» (ISSO), 8vo, Calcutta. 

JIdmc, Hnv., A AoRie. Department. 

Lint of Oilicois in the Survey Departments on the Isl January ISRO (1880), fisc., 
Calcutta. 

Home, Rev., k Aonro. Deuatitmfnt. 

Selections from tb(* Recoids of tlio Govennneut of India, Foreign Dep.utment, 
No. 102. Ill poit on the Poliiit J Administration of the Jlajpulana 
Stat(‘s for 1878-70 (1880), 8vo, Caleulta. 

Forpk.n Dfuaetment. 

Selections from the Recotds of the (Sovcniment of India, Foreign l)e])ailiueiit. 
No. 101. Report on the Administration of the Ajmcie and Alhairwara 
Districts lor 1&7S 70 (1870), 8vo, Calcutta. 

FoiiEtf.N DEPARTAfENT. 

„ Selections from the Records of the Governmnit of India, Foieign Depailiiu'iit, 
Nt». 105. Repoit on the x\ dininihtr.it ion of the T^ersi.in (lulf rolitioal 
Residency and Muscat rolitlcal Agency for 1878-70 (1880), 8vo, Calcutta. 

Foueion Department. 

M Selections from the Records of the Government of India, For<*ign Department, 
No. 100. Repoit on the Political Administration of the Territoric.s 
within tho Central India Ag(‘ni‘y lor J 878-70 (18<SO), 8vo, Calcutta. 

Foueion Depautment. 

Mapiias, — OARM iciiAEii, D. F.— A Manual of tho District of Vi/agapatam, in llio Presi- 
dency of Madras (1800), 8vo, Madras. 

Home, Rev., Aoutc. Dfpartment. 

„ CuoLE, C, S. — The Chingloput, late Madras, Dibtiiet (1879), 8\o, M.idras. 

Home, Rkv., & Ageic. Department. 

„ Maclean, C. D.— Standing Information regarding tlic Official Administiation 
of the Madvjxs Prebidenoy in each Department, 2ud Edition, lovisud to 
March 1870 (1870), 8vo, Madras. 

’ AIadras Government. 

„ Morris, Henry.— A Descriptive and Historical Account of the Godaveri District, 

ill the Presidciiey of Madras, (1878), Svo, Loudon. 

IIoMF, Rev., k Agrio. Department. 

„ Selections from tho Records of tho Madras Government, No. XLV. Papers 
rehitiug to tho Survey and Settlement of tho Salem District (1870), Svo, 
Madras. 

Madras Government. 

N.-W. Provinces.— Oldham, Wilton.— Historical and Statistical Memoir of the Ghazi- 
puv Disirict, Parts I & II (L870 and 1870), 4to, Allahcbadt 

Home, Rev., AAgbic. Department#* 
„ Pearson, Capt. 0. P.— Report on tho Mtmdla Distriol south of tho 

Nai'budu (1800), 6r0) AUahahad* 


Home, Bet-i ^ Aqbio. Depaj^tment* 
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N.-W. Piio VINCES. — SiN(jrr, Kua.ii Lachman. - TTistorical and StatisUcal Memoir of ZiU 
Eul.iiidbliahar (1874), 8vo, AIlahiil)ad. 

IlosiE, Rev., & Ageio. Department.. 

Punjab. — Ga/.oltoor of the Ludhiana District, 8vo. 

Home, Rev., & AoKre. Department. 

„ Gazi'Uoor of tlie Rohiak District, 8vo. 

Home, Rev., & Ageic. Department. 

TRANSACTIONS, PROCEEDINGS, &r., OF SOCIETIES. 

Delpast. — P iwoeflin^s of the Belfast Natuial llislory and Philosopliical Society for 1872- 7II 
(1874), 8vo, Belfast. 

The Society. 

BEELIN.— Monatsberieht del Konii'. Prouss. Akadomio dcr Wissonschaften, December 1871) 
and January 1880 (1880), 8v'o, Beilin. 

The Acadumti. 

„ Zeitsebrift der Deutsclicn Geologiscben Genidkchaft, Band XXXI, heft 4 (1879), 
8vo‘, Bcnlin. 

The Son tty. 

Bologna. — N ovi Ooinmeiitarii Academine Seicnthrnm Iiistiiuii Bononiemsia, Vols. I (1831), 
to X (18 L9), and Imliees Genovalcs (1855), Ito, BonDiiia*. 

The Acadfmy. 

„ Mcinorio (leir Accadeniia (Idle Seieii/iMleir Istituto di Bologna, Vola. XI (IHOI), 
XII pts, 1-1, (1802), and Imli< i (h'ner.ili 1850 to 1870: 2nd Serie*', 
Vols. I (1802) to X (1870) ; 3rd .Sn-ieH, Vols. I (1871) lo TX (1878), llo, 
Bologna. 

The Ac'at)em\. 

„ Aggiunta alia (/ollczionodclIeOix?rc del ccl(‘bro ProfesHoro Luigi Galvani (1812), 
4to, Bologna. 

The Academy, 

„ Opero odib* ed inodilo dd Prufossore Luigi Galvani (1841), 4to Bologna. 

Tite Academy. 

Boston.— Memoirs of tho Boston Society of Natural History, Vol. Ill, j)t. I, Nos. 1 & 2 
(1878-79), 4i6, Boston. 

The Society. 

„ Proceedings of the Boston Society of Natural Ilistoiy, Vols, XIX, pts. 3 A 4, 
and XX, pt. 1 (1878-79), 8vo, Boston. 

Tub Society. 

„ Proceedings of the American Academy of Arts and Sciences, New Series, Vol. VI 
(1879), 8vo, Boston. 

The Academy. 

BrusSBIiS .‘^B ulletin de la Sooidtd Beige do Gdographio, No. 6 (1879), and No. 1 (1880) 
8vo, Brussels. 

Tub Society. 

„ Commission do la Carto GiJologique do la Belgique. Texto Explicatif du Lovd 
Qdologique dies Planchetles cVHobolcen et do Contich. With 3 Maps 
(1880), 8vo, Brussels. 


Teb Commission* 
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Calcutta. — Journal of the Agvicultnval and Horticultural Society of India, New Seric*s, 
Vol. VI, No. 2 (1880), 8vo. 

The Society. 

„ Journal of the Asiatic Society of Bcngjal, Now Series, Vol. XLIX, pt. I, No. 1, 
and pt. II, No. 1 (1880), 8vo, Calcutta. 

Tue Society. 

„ Proceedings of the Asiatic Society of Bengal, Nos. 1 — 5, (1880), Svo, Calcutta. 

Tice Society. 

„ Memoirs of the Geological Surve}" of India, Vols. XVII, pt. 2, and XV, ))t. 2 
(1880), 8 VO, Calcutta. 

The Sukvey. 

„ Paljcontoh'gia Indica, Series XIIT, pt. 2, and X, pt. 4 (1880), 4lt), Caloulta. 

Geological Survey oe India. 

„ Records of the Geological Survey of India, Vol. XIII, pt. 2 (1880), Svo, Calcutta. 

The Survey. 

Cambridge. — Bulhdin of the Museum of Comparative Zoology, Vols. IV (1878), V, 
Nos. 2—10 (1870), and VI Nos. 3— 7 (1878-80), Svo, Cambridge, Mass. 

Museum of Comparative Zoology. 

„ Memoirs of the Muscjum of Comparative Zoology, Vol. V, No. 2, and Vol. VI, 
No. 1 (1st part), (1877-79), 4to, Cambridge, Alass. 

Museum of Comparative Zoology. 

Dresden. — Sitznngs-horiclite dor Naturwisscnschaft lichen Gesollschaft Isis zu Dresden, 
Jahrgang 18G1, 1803, 1804, and 1805 No. 1, 1870 April to June, 1877 
January to Juno, 1878 January to Jul^, and 1879 July to December, 8vo- 
Dresden, 

The Isis Society. 

„ Naturwisscnschaftlichc Boitrage zu Kenntniss dcr Kaukasuslander (1878), Svo, 
Dresden. 

The Isis Society. 

Edinburgh* — Proceedings of the Royal Society of Edinburgh, Vol. I Nos, 1 — 3 and 6 — 21, 
and Vols. II and HI (1845, 1851, and 1857), Svo, Edinburgh. 

The Society. 

„ Transactions of the Royal Scottish Society of Arts, Vol. X, pt. 2 (1879), Svo, 
Edinburgh. 

TbOb Society. 

Franefurt-Am-Main. — ^Ahhandlungcn von der Senckonhergischen Naturforschenden 
Gcsellscliaffc, Band XI, heft 4 (1879), Svo, Prankfurt-Ara-Main. 

Geneva.— M^moires de la Soci6t5 de Physique et d'Histoiro Naiurelle do Geneve, Vol. XXVI, 
pt. 2 (1879), 4to, Geneva. 

The Society. 

HAEEiSBUEa.— Hunt T. Steeby.— Second Geological Survey of Pennsylvania; 1S75, Special 
Report on the Trap Dykes and Azoic Rocks of South-Eastern Pennsyl- 
yanni, pt. I, Historietd Introduction (1878), Svo, Harrisburg. 

Geui,. Survey of Pennsylvania. 
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Indianapolis. — Rtli, Dili, and 10th Annual Reports of the Geological Survey of Indiana^ 
made diiriug 187C-77'78 (1870), 8vo, Indianapolis. 

Geol. Suevet of Indiana. 


London. — Bkitisii Mdsetjm. Catalogue of the Specimens of Lizards in the Collection of tho 
British Museum (1815), 8vo, London. 

London. — Bkitisii IVIuseum. Catalogue of the Tortoises, Crocodiles, and Ampliisbocuians 
in the Collection of tho British Museum (1811), 8vo, London. 

London. — British Mtseum, Clarn, IIev. Hamlet. Catalogue of Ilalticidm in the 
Collection oC the British Museum, pt. I, Ph 3 ^sapodcs and (Edipodcs (1800) > 
8vo, London. 

London. — British Museum:. TIaoen Dr. JI. Catalogue of tho Specimens of Neurop- 

terous Insects in the Collection of tho Britisli Museum, pt. V, Termitiua 
(1858), 8vo, London. 

London. — British Musi:um. List of the Mollusca in the Collection of the British 
Museum, i)t. Il, Olividm (18C5), 8vo, London. 

London. — Journal of tho Anthropological Institute of Great Britain and Ireland, Vol. IX, 
Nos. 3 and 11 (1870), 8vo, London. 

London. — Journal of the Iloyal Asiatic Sociol.v of Great Britain and Ireland, Now Scries, 
Vols. XII, pt. 1, and XI, pt. 3 (1870-80), 8vo, London. 

Tn# Society. 


London. — Journal of the Society of Arts, Vol. XXVlll, Nos. 1425—1437 (1880), 8vo, 
Loudon, 

The Society. 

„ rala)ontogra]diical Society. A Monograph of the British Fossil Crustacea belong- 
ing to tlie Order of Mcrosfomatn, pt. I, Ptcrygotus, bj’’ Henry Woodward 
(1800), 8vo, London. 

,, Palmontographical Society’s publication, Vol, XXI (1867), 4to, London. 

„ Ih'oceedings of tho Royal Geographical Society and Monthly Record of Geogi’aphy, 
Now Scries, Vol, II, Nos. 2 — 5 (1880), 8yo, London. 

The Society. 


Proceedings of tho Royal Society of London, Vol. XXIX, No. 199, and XXX, 
Nos. 200—202 (1879-80), 8vo, London, 

The Society, 

List of Vortebrated Animals now or lately living in the Gardens of the Zoological 
Society of London. First Supplement containing additions received iu 
1870 (1880), 8 VO, London, 

. , The Society, 

Proce^^g^a Society of London, No. IV, 1879 (1880), 8vo, 




The Sooieit. 


„ , of the Zoological Sooioiy of London, Vok. X, pt. 13, and XI, pt. 1 

" (1879-80), 4to, London. 

The Sooiett. 

■A?'. 

ijoartorly Journal: of the 0eologi«il Society .of London, VoL XXXVI, pfc 1, 
141 (1880), 8vo, London. 


The. Society, 
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London. — Report of the 3olli Meeting of the Rritlsh Association for the Advancement of 
Science hold at Biriningliam in September 1805 (ISOO), 8vo, London, 
Madrid. — Boletin do la Sociedad Geografica do Madrid, \o\, VllI, Nos. 1—4 (1880), Svo, 
Madrid, 


Tiie Society, 


Manchester. — Transactions of the Manchesler Geological Socict}^ 
13 (1878), 8vo, Manchester, 


Vol. XV, pts. 12 and 


The Society. 


M eluoubne.— G eological Survey of Victoria. Prodromus of the Pala'oniology of Victoria, 
by Fred. McCoy, Decade VI (1879), Svo, Melbourne. 

Geological Survey of Victoria. 




Mineral Statistics of Victoria for 1879 (1S80), 8vo, ]\relboiirn(‘. 

Mining Detautment, Victoria. 

Reports of tlio Mining Snrve 3 'ors and Registrars for (]uai'ter ending 31st 
December 1879 (1880), ilec., Melbourne. 

Mining Department, Victoria. 

Transactions and Proceedings of the Royal Society of Victoria, Vol. VI 
(1805), Svo, MelboiH’nc, 

The Society, 


Milano. — A tti dojla Socicta Italiana <li Scienze Natnrali, Vols. XI (1SC8) to XXII, Nos 
1 — 2 (1879), 8vo, Milano, 


La Fillossera a Valmdcrera (1879), Svo. Milano. 


The Society, 


Tjie Society. 


„ Regolamcnto della Socleta* Italiana di Sclcnze Naturali (1879), 8vo, pamphlei, 
Milano, 

The Society, 

„ Rclazione Annnalo della Commissiono di Sorvcglian^a Contro la Fillossera (1879), 
Svo, pampblt. , Milano, 

• The Society. 

Moscou, — Bulletin de la Socidtd Impdrialc des Naturalistes de Moscou, Vol. HV, Nos. 2 
and 3 (1879), Svo, Moscou. 

The Society. 

Munich. — Abhandlungen der Math-Phys. Class© der Koniglicb. Bayeriseben Akademio der 
Wissensebaften, Band VI (IS52), and VIII Abtb. I (1857), ito, Miincben. 

New Haven. — T ransactions of the Connecticut Academy of Arts and Sciences, Vol. Y, pt. I 
(1880), Svo, Ne^ Haven, 

The Aoademt. 


PenzaNC^.— T hirtieth Auniial Report of the Council, with the President's address (1843), 
8vo, Penzance* 

The SociBTT* 

„ Transjustions of the Royal Geological Society of Cornwall, Vol, IX, pt. IV, and 
X, pts, 1—2 (1877-79), Svo, Penzance, 

The Societt* 

H 
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PHiLADi'LFitiA-*— «Tournal of the Franklin Institute, 3rcl Scricfi, Vol. LXXIX, Nos. 3—6 
(1880), 8 Vo, Philadelphia. 

The Institute. 

,, Proccotlinj^s of the American Philosopliical Society, Yol. XVTIT, No.s. 1(»3. 

and 104 (1879), 8vo, Philadelphia. 

The SooiETv 

Pisa. - Atti dollu Societa Toscana di Scienze Naturali, Processi Verhali, M Mar/<». 1880, 
(1880), 8vo, Pisa. 

TiiK Society, 

lioJiE.- Atti della U. Accadomia doi Lincei, 3rd Series, Transuiili, Vol. IV fasc. 3 - 5. ( 18 S 0 ) 
4to, Roma. 

The Acaoem V. 

Salem. “Pullet in of the Essex Institute, Vol. X Nos. 1— 12 (1878), 8vo, Siilein. 

The Institcti. 

Si NiiAPoEE.— Journal of the Straits Branch of the Royal Asiatic Society, No. 1 (1880 j. 8s(», 
Singapore. 

The Society. 

St. Petersih iia. — ^Bulletin do VAcadoinio Imperiale des Sciences do St. Petevsbo^'jr. Vol. 
XXV, Nos. 3—4 (1870), 4tu, St. Pelersbour};, 

Tin: Academy. 

,, oiiioi res de rAcadcniie Imperiale des Sciences de St. Petersbour^^ 71 li 

Series, Vol. XXVI, Nos. 12-14, and XXVll, No. 1 (1870), dto, St. 
Potersbourj^. 

The AcADEan, 

Svi'NEY.— Annual Report of the Department of Mines, New South Wales, for 1877 (1878). 
4to, Sydnoj . 

Dept, of Mikes, N. S. M . 

,, Journal and Proceedings of the Royal Society of New South Wales, Vol. XII. 
1878 (18710» ^vo, Sydney. 

The Society. 

Tasmania.— Monthly Notices of Papers and Proceedings of th(‘ Royal Society of Tasmania 
for 1874-75 (1875-7ti), 8vo, Tasmania. 

The Society. 

Vienna.— Donkscriftender Kais. Akadeniio dcr Wissenschaften, Band XXXIX (1879), 4to 
Wien. 

The Academy. 

„ Sitzungsherichte der Kais. Akademic der Wissenschaften, Band LXXVII, Abth. 

Iheft6, Abth.II heft4*& 5,and Abth. Ill heft 1—5; Band LXXVII 
Abth. I heft 1—5, Abth. II heft 1—5, Abth. Ill heft 1-5; Band 
LXXIX, Abth. II belt 1 — 3, and Abth. Ill heft 1 — 5, (1878-79), 8vo, 
Wien. 

The Academy. 

,, Jahi'buch der Kais. Kdnig. Oeologi.'^chen Reichsanstalt, Band XXIX, No. 4. 
(1879), 8vo, Wien. 


The Institute. 
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Vienna. — Verliandlunj^cn dcr K. K. Geolof^iscbi*!! Ui‘iolj.siUi>ialt. Xo-. i -8 (1880), ^\(^ 
Wien. 

TiJE Inmittif. 

Washington.— bulletin of tbo United .Sljitcs EntoiuoIu^nMl Coniinissiun, Xo. 2. Smnid 
Edition (1877), 8vo, Wiishiugton. 

Tin; Si n\ h\ . 

IJulletiii of the United States Geolo^^ical and Genj^rapliical Survey *'i tl.e 
Territories, Vol. V, No. 1 (187U). 8vo, Wasliington. 

U. S. Geol. \ Geo<. Sruvi;\- 

1Iayi>en, F. V. — rreliminary Report of the Field Work of 1 lie l\ S. Geoh- 
giciil and Geographical Survey of the Territories for tlie season ol ls78 
(1878), 8vo, Washington. 

The Si:evi:\ 

Xonnifl, P. W. — Report upon the Yellowstone National Park l«<r ls7s 
(187t)), 8vo, Washington. 

Tjil SrnvEii. 

Sketch of tiic Origin and Progress of the U. 8. Gcjological and Geographn ai 
Surv(\Y oi' the Territories (1877), 8vo, Washington. 

The SrrtvE'i , 

U. S. Geological Survey : Miscellaucons Publications, No. 1 (1873), Xu. J, 
3rd Edition (187-1), Xh>s, 5 and G (1874), 8vo, Washington. 

The SritvE^. 

Wellington. — Rlu jianan, .John. — Manual of the Indigenous Grasses of New Zeai.ind 
(1880), 8 VO, W el 1 i n gton . 

Geol. Scevey op New Zealand. 

Vuk<hiama. — M ittheilungcn der Deutschen Ge-sellschaft fiir Natur und Volkerkiindc, 
Ostasiens, heft XVI (1878), and February 1880, Use., Yokobaina. 

The Society. 

Yuiik, — A nnual Report of the Vorksliire Pbilusopbical Suciety lor 1870-1873, 1870, &. 1878, 
8vo, York. 

The Society. 
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UECORDS 


OF THE 

GEOLOGICAL SURVEY OF INDll 

Part 4.] , 1880* rNovomber. 


On some PliErSTOCENB DEPOSITS OF THE NORTHERN P(JNJA«, AND THE EVIDENCE 
THEY AFFORD OF AN EXTREME CLIMATE DURING A POiaTON OF THAT I’lSUlOJ), 

hy W. Theodald, Geological Survey of India. 

The deposits to which I propose to direct attention in the followinpf notes 
are those commonly called * recent dc|iosits/ and as such commonly neglected, 
though, if ])aticntly interrogated, they arc capable of affording a key to the solu- 
tit)ii of some interesting (questions hearing on mundane physics of no very remote 
age. I allude, of course, to the much -vexed question of the extension, universal 
or otherwise, of ghicial phenomena during a ‘great ice age,^ and particularly 
of the proofs, pro or con, for the existence of any such glacial phenomena in or 
near the plains of India, or at so low a level in the Northern Punjab as 2,000 
or thereabouts. So long ago as l8G7, Dr. Verchero recorded the presence of 
‘erratic’ blocks in the Potwar at less than 2,000 foot altitude (Jour., As. 
Soc., Bengal, Vol. XXXVI, Part II, p. 113) ; but from the known liability of 
the Indus valley to cataclysmal inundations, consequent on the bursting of dams 
in its upper portion, the true bearings of these masses have never boon properly 
appreciated, nor has any attempt been made to sthdy the facts in detail or in- 
terpret the relation they bear to the general geological history of the district, 
and to postulate the conclusions wo may legitimately deduce therefrom. The 
following papers may be beneficially consulted as bearing on the matters in 
question, and I cannot better preface my present remarks than by briefly review- 
ing what has been already written on the subject, and pointing out which state- 
ments require modifying, and wherein I differ from, or coincide with, the opinions 
of the writers I quote below — 

Wynne, Becords, Vol. X, pp. 107, 112, 122. 

Theobald „ >, X, p. 140. 

„ ,1 ,, X, p. 223. 

Wynne, Memoirs, „ XIV, p. 116. 

Lydekkor, Becords, Vol. XII, p,29. 

Wynne, „ „ XII; p. 114. 

Blanford, Manual, pp. Ixx, 372, 516, 586* 

Medlicott, „ p. 668. 
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In the first paper Mr. Wynne describes the relations and characters of the post- 
tertiary and superficial deposits of the' North-Western Punjab. These deposits 
he divides into an upper alluvium (elsewhere termed loess), largely imibued in 
places with soda salts, and much cut up by ravines ; and a lower division fornied 
of “ coarse pebble beds and sand or clay.” These bods are described as not only 
filling the valleys, but covering large tracts of country, as, for example, in the 
neighbourhood of Rdwalpindi and elsewhere. They are described as rising to 

3.000 feet above the sea ; but tliis estimate may be indefinitely extended, if we 
take into consideration the homologous deposits which were being cotemporane- 
ously formed within the hills, and the high level gravels of the larger river valleys. 
Mr. Wynne’s estimate, however, probably is meant only to' include the deposits 
in the immediate vicinity of the outer hills of the Hazara district. The tertiary 
period may, in fact, be described as closing in a great subsiding movement of 
tlie Himalayan region, whereby the river valleys became filled up to the height of 
several hundred feet by coarse river deposits, and the whole country overspi’ead 
by the gravels and the high-level alluvium which rests on them. 

One remark of Mr. Wynne I believe to bo erroneous. At page 124 we read, 
“ With regard to the existence of a glacial period affecting the upper Punjab in 
very recent geological times, the only evidence the country seems to offer is in the 
occurrence of the formerly Indus-home crystalline fragments at heights of somer 

2.000 feet above the present bed of the river. These would indicate either a very 
late elevation of the region traversed by the Indus, or, that when it ran in a 
channel so much higher, the hilly countiy to the northward may have been as 
much moro lofty (or even higher still), and regions of perennial snow much nearer 
than they are at present.” The above passage is couched in general terms, but 
I have reason for knowing that it particularly refers to the Chitapahar range 
south of Attock, and the word ‘ fragments,’ which might be supposed to refer to 
‘ erratics ’ really means only the ^rolled boulders of the Indus gravel. As^ how- 
ever, I felt veiy sceptical that the Indus, abandoning its deep and rocky gorge to 
the west of the Chitapahdr hills, had ever really flowed here and there ovct the 
crest of that range, I addressed enquiries on this point to my colleague, and his 
reply, though intended, I think, to some extent as confirmatory of such an idea, 
really supports my own opinion on the subject to the contrary. In his reply,- 
Mr. Wynne says : — ‘‘One swallow don’t make a summer, one pebble would not make 
a gravel ; so I can't declare there is any big deposit of Indus gravel on the Chita 
rangcy but kll the same there are good large lumps of the Indus boulder deposit® 
scattered about on the ranges of Bagh and Choi, at heights of 2,600 to 3,000 feet, 
too itumerous to have been carried up by humans, who would not load themseVoee 
with two or three seers or more of such stones (gneiss, and carry them up. 
some thousands of feet for the fun of the thmg, or as prisoners do shot driU'* 
Now I think these words of <my colleague establish the fact that there is no 

of on the ChitapaMr range, and that the inference of the fomser 

of the Indus over its height rests on the occurrence of scattered boulders 
Indus gravel, and in ignorance of any reason for supposing them to have been 
t^spoiW to the spot in question by human agency. 

But & good and sufficient reason does exist for this latter explanation. It is 
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the habit in all this part of the Indus valley to collect boulders from the vicinity 
of the river and convey them away on carts or camels for the purpose of 
strengthening the mud- walls of the houses. Near the river the walls of many 
houses are mainly built of the larger boulders, whilst at a greater distance, the 
builders use these stones more sparingly, building them into the comers of the 
house only, where they protect the mud-walls from injury from passing cattle, &c. 
In many villages, too, a very old trait of patriarchal times may still be seen. 
Any very large smooth boulders or stones from Buddhist or other ruins, are 
brought up into the village, and either ranged under a tree or placed in some 
convenient spot for the use and delectation of the village headman, and ' grey 
beards,’ precisely as wc read in Homer, was the case in Pyle in the days of 
Ncleus, three generations of articulate-speaking men before the fall of Troy. 
(Horn. Od., Book HI, 1. 404.) 

^IIjU.0^ 8* ^ptysvsia ^avrj poSoSixxTvXog 
^ilLpvuT up If suvYi^i TeprjVtog iTT^rora Nlorro)^ 

*Ek S’ Ixflcov KotT ap^ e^er* IttI feoroTori \l^0Krtv 
Oi ol scrotv vpoiripoiie iupiiSTv u^yiXu'stv 
A svxo), avoerixfiovTsg ciK6i<p»T0$ olg swi fiei/ nplv 
i^^cTJcsv /x^o’T'BJg kruKetvrog* 

AXX* 6 fjih ijdvj xvjp] Safi6)g At8o(r8s /Ss/Sijxsi, 

NecTTcrg otS toV* 1^4 Fs^^vio^ Spog ’Ap^ajwv, 

Sx^irrpoy Trspl 8’ vJsg otoKXhg ^yBpihvro'^ 

An even more probable explanation for the occurrence of Indus gravel at 
different spots on the Chitapahar range is the popular fashion of ornamenting 
graves in this part of the Punjab with smooth round stones, thos() of white quartz 
and variegated gneiss or schistose rock, being selected more commonly for this 
purpose. This practice may be noticed many miles from the river Indus,, and 
proves that natural piety is as effective a stimulus for an unproductive ex- 
penditure of labour, as the harsh necessity of “ shot drill and to this latter 
cause I attribute the presence of the Indus pebbles occasionally met with at 
considerable height on the Chitapahar hill. In many spots villages formerly 
existed, which are now abandoned in favour of the plains, owing to the security 
for life and property which the people now enjoy. 

* ‘Soon as Aurora, daughter of the Dawn, 

With rosy fingers, had unveiled the morn ; 

From off his couch, Gerenian Nestor rose, 

And issuing forth, refreshed by night’s repose. 

On polished stones, before his palace gate 
As Neleus used of yore, the monarch sate. 

White, smooth, and glittering in the sun they shone 
Unhewn, each block displayed a rustic throne s 
But Neleus passing to th’ Nlysian shade 
Wise Nestor reigned and Pyle’s sceptre svrayed. 

Whilst numerous sons around, obeisance made.’ ^ 
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I have myself crossed the Chitapahar range twice, and have both times care- 
fully sought for evidence of the Indus liaving formerly flowed over it, but without 
success, and T believe that river has never deviated from the deep gorge whereby 
it now crosses this barrier. The liighcst alluvial deposit which can be referred 
to the river Indus in this quarter, is a homogeneous clay, which is seen in places 
on the flanks of the range south of Choi,* rising to a height (roughly guessed) 
of between 300 to 400 feet above the present bed of tlic river. 

This clay may possibly be of lacustrine origin if the Chuch Hazara plain 
and neighbourhood weie over occupied by a lake prior to the lowering of the 
Indus bed to its present depth. Anyhow I should say 400 feet was the highest 
level on the Chitapahar range above the present Indus bed, at which any dis- 
tinct Indus alluvium can be made out. So much for positive indications. 

J3ut there is one very powerful negative argument against the idea of the Indus 
ever having hereabouts flowed at the height indicated by Mr. Wynne. 

Above the limits at which the clay in question occurs, the hills arc formed of 
vertical beds of limestone, cut up or furrowed by deep, almost cavernous, fissure's, 
forming a deeply sorrabed surface, which would have acted as the most efficient 
pebble trap that could bo imagined, and into which any pebbles must have been 
waslKsd, without the possibility of their being subsequently cleared out again. Yet 
not a single pebble or boulder of any sort can bo seen in any of these rifts, the 
conclusion being therefore irresistible that no wash of gravel has ever taken place 
over them. 

The next papers to notice are two by myself in Hccords, Vol. X, pages 140 
and 223. In the former I describe an alluvial deposit in the Potwar with 
numerous species of living shells, and a peculiar silt near Jand, possibly in- 
dicative of glacial conditions at the time it was being deposited. Perhaps the 
most important fact, however, was the occurrence of a largo ‘ erra-tic ’ “ over 
20 feet in girth, resting on alluvium at a high levels eight and a half miles from 
Pindigheb and eleven miles from Taman” (1. c., p. 142) . This is a valuable in- 
dication of the relative Jigo of the glacial conditions presumed to have obtained 
in the district, and the older alluvium ; the instance here quoted not admitting 
of any doubt as to the fact of the ' erratic ’ reposing on a thick bed of alluvium. 
My other paper refers to certain distinctions that should bo drawn between 
* erratics ' of the pleistocene period and the ‘ erratics,’ which in the Salt-range 
are embedded in strata of mesozoic and palesozoio age, and which are as distinct 
in their lithological aspect, as they are from the Indus erratics by their geological 
ago. In his Memoir on the Salt-range (Vol. XIV) in a note to page 117, 
Mr. Wynne thus correctly, as I believe, alludes to the ‘ erratics ’ of the Indus 
valley:-—** In other parts of the country, too, along the left bank of the Indus 
south of Attock, the foreign erratic blocks are too numerous and too large to bo 
accounted for satisfactorily in any other way that T know of.” That is, than by 
ice agency. Two of these are described in Records X, p. 124, as having a girth 

I Choi is not on the Atlas map. It is, however, a little under 3 miles from the mouth 
t the Haro on the south hank of that river, and is a halting stage (with a *sarai *) on the rood 
froin Attock to Khusholgarh. 
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of 50 feet by 6 to 8 feet bigh, and 48 feet 6 inches by 12 feet 6 inches high ; the 
former a granitoid rock, the last of basalt. 

I now pass to tho consideration of a clearly-wriitcn and valuable paper by 
Mr. Lydckker in Records XIT, p. 15, in which the glacial question is treated at 
some length. Among general conclusions my colleague affirms that in Kashmir 
6,500 feet is about the lowest level at which “ undoubted evidence of former 
glacier action ” exists. This, I think, may be true, as I have myself been strack 
with tho remarkable absence of such evidence in the valley, though I never 
questioned the existence of such evidence at much lower levels in the outer hills. 
The cause of this, should the statement not it^quire modification, is 1 regard 
an interesting object for future investigation. Mr. Lydekkor differs also from 
Prof. Leith Adams in his failing to recognise any proofs of a glacial origin 
for the Baramnla gravels, and in this 1 agree with my colleague. At page 30 
{he.) Mr. Lydekker records his dissent from Colonel Grod win- Austen's opinion 
that ccrtiiin granitoid blocks in the Jhelura valley below B^ramula have been 
brought to their present position by ice action. Hero I dissent from my 
colleague, and consider that Colonel God win- Austen has rightly estimated tho 
mode of transport of these blocks in question. In support of his view my 
colleague goes at some length into a description of the Jhelum valley, which, 
being clear in language, and conveying completely my own views, I shall hero 
quote in extenso. That my colleague has arrived at a different conclusion to 
myself, I attribute solely to tho accident that ho has not seen such a ‘key 
section,’ as I may term it, as I was fortunate enough to discover during last 
season’s work in the valley of the Nainsukh, above Gurlii Habibula : — 

“ At Rdmpur the alluvial formation contains gneissic blocks, some of which 
arc as much as 15 feet in diameter ; tho whole formation is at least one hundred 
feet in thickness on tho loft bank of the river. The included blocks are all more 
or loss rounded and water-worn, while the matrix in which they are embedded 
is hero but little stratified. As we descend tho river, the blocks of gneiss con- 
tinue to decrease in size till we come upon tho sharp bend in tho river below 
Rampur ; hero a fresh stream of gneiss blocks has come down a tributary stream 
from the second gneiss mass in the Kaj-Nag range : •some of these blocks have a 
long diameter of 20 feet. 

“ Still continuing our survey down the river, we find the gneiss blocks again 
becoming smaller and smaller, and half way to Uri the alluvial deposit is seen 
to be most distinctly stratified. All the gneiss boulders have their long axes 
inclined up the stream and towards the river bed at an angle of about SO** ; so 
that one of the flat sides is opposed to the flow of the stream, as wo find to be 
tho case in any deposit of modem river pebbles. Tho summit of the alluvial 
formation is level, forming high-level plateaux on either side of the river. At 
TJri we find a similar plateau, some 200 feet in thickness, formed of the red 
Sirmur rocks of the neighbouring hills. The pebbles in this deposit are rounded 
and have the same relative position in regard to tho stream as the gneiss blocks 
higher up. A few small gneiss blocks are^ found in the Uri deposit.” 

Now all this I fully accept as a correct description of the Jhelum terrace 
gravels and boulder depositSi for 1 regard it would be as one-sided in me to 
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either fwl or refuse to recognise the agency of water in their arrangement as 
I hold It to be m any opponente who fail to recognise the proofs of glacial 
agency concurrently present in the same area. 

well-rounded boulders embedded in a stratified deposit, 
with their long axes arranged with reference to the direction of the river as 
proof of glacial agency; but I do point to streams of blocks not so rounded 
but sub-angular and piled on one another, with little or no intervening matter’ 
in a fashion suggestive of moraine rather than river transport. It is true the 
rook of which ^e largest blocks consist rounds off by surface exfoliation under 
atmospheric action ; but the streams of sub-angular blocks, to which I allude 
have no nearer resemblance to the water-worn boulders described by my colleaeue 
than accrues from their consisting of the same identical rock. As an 
instance in point I may mention, on the right bank of the Jhelum the stream of 
blocks which is seen to descend the Eathai stream just below the Fort of 
Kat^i audis bW m the surface of the high level plateau before reaching 
the Jhelum. These blocks are scattered about, sometimes isolated on the surface 
of the alluvial plateau tohereon they rest, in other places ranged in dusters or piled 
against eadh other vnth Uttte or no intervening matter; and they are all more or less 
sub-angular, and have none of the appearance of having been washed down the valley 
or by the stream. Granting, for argument’s sake, that a great debacle might have 
washed them down, it would not have arranged them in a long thin line, heading 
up the valley; in a word, their arrangement is decidedly suggestive of moraine 
action as distinguished from fluviatile. 

Mr. Lydekker adds (l.c., p. 31) :~“It will be gathered from the above observ 
ations, that the whole of the gneiss blocks in tho Jhelum valley have followed 
the course of tributaiy mountain streams, have not been carried across inter- 
vening ridges, and are embedded in an aqueous formation." To this passage I 
can give my cordial assent, if I may interpolate after the word ‘ in’ the words 
‘ and on, ’ which in my opinion furnish the clue to the discrepancy of opinion 
between my colleague and myself. The rounded blocks to which my colleague 
points as conclusive of fluviatile agency may be, and no doubt are, embedded^* 
river deposits; the sub-angular ones on which I no less confidently rely asproving 
moraine agency are, I believe, always found resting, not in, but on, the above 
river deposits. * 

There is one paragraph with, which I cannot agree It will be gathered 
from ^ above observations that the Jhelum is now a denuding, and not a 
depositing, river, as it was when these alluvial formations were laid down; from 
which we may probably infer that great changes of level have taken place 
since the period of these deposits, wJM may have afforded greater facing ai 
eerlann times [for the movements of the blodes.” This is far from clear. The 
‘change in level,’ which converted the Jhelum from an excavating atroam 
e^jpl^od in deepening its bed into a depositing one, which it must have been 

it rofilled its valley with alluvial deposits •200 or 300 feet thioki was one of 
whereby the gradieiU of the Jhelum valley, both the main 
;:liid its tributaries, was lowered,— the proximate cause, of course, of the 
deposition of the above beds: cmtsmpartttw, therefore, this ohmige could neither 
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physically nor climatally have afforded greater facilities for the transport of largo 
blocks than previously existed ; rather the contrary. 

In his “ further notes, &c.’* (Record XII., p. 114), Mr. Wynne divides the 
pleistocene deposits of the Northern Punjab into an upper, middle, and lower 
sub-division, characterizing them respectively as “ Northern detrital drift," 
“ Alluvium and river drift," “ Post tertiary valley or lake deposits." 

It may be questioned how far the middle and lower of these sub-divisions 
are separable or dissimilar; but the great merit of this division is that it 
distinctly recognises the relative position of the ‘ glacial deposits’ and the older 
alluvium, and shows how nearly on the verge of discovering the true significance 
of this fact Mr. Wynne was. 

Mr. Wynne is, however, careful to let it be known that he disclaims glacial 
agency in the distribution of his ‘Northern detrital drift’, not only by intro- 
ducing the somewhat superfluous adjective ‘ detrital ’, but by the definition ho 
gives at page 132 (Z. c.) : — ** Noiihem drift, I use this term instead of the more 
simple one “ erratic drift," which would appear to convey to some Indian geologists 
a closer connexion with glacial geology than is necessary to the purpose.” This 
disclaimer suffices to show how nearly Mr. Wynne missed recognising the 
essential merit of his own classification. Especially when read in connexion 
with what follows ; — “ By Northern diuft, then, is hero meant that influx of 
tiuvelled masses which has followed the course of the Indus from the north 
and been distributed over large spaces of the Rawalpindi plateau, to a distance 
(I am informed by Mr. Theobald) of 25 miles from the river. These blocks 
are easily recognisable, all along the upper Indus as far as I went, to be the same 
as those further down its course. They often rest on the terraceSy and some of 
them are of very large sizeJ^ Mark how very nearly discovering the truth 
Mr. Wynne must here have been (how he ‘ burned,’ as children say at * blind 
man’s buff ’), could he only have recognised the significance of their not occurring 
in the terraced gravels though scattered about on them ! Considering, too, that 
Mr. Wynne gives the girth of one of these blocks near Torbcla as 109 feet, his 
disclaimer of glacial agency on its transport seems to me to savour of caution 
overmuch ! It would, indeed, seem to be an afterthought, as in his Geology of 
the Salt Range, at page 117, Mr. Wynne thus expresses himself of these very 
blocks : — “ In other parts of the country, too, along the left bank of the Indus 
south of Attock, the foreign erratic blocks are too numerous and too large to be 
accounted for satisfactorily in any other way that I know of ” — that i^, than by 
ice ; and it is, I think, to be regretted that Mr. Wynne should have been led to 
abandon this sound view, and substitute for it the disclaimer of glacial agency 
in his later paper, quoted above. 

At the end of the paper in the Records (XII, p. 132), Mr. Wynne notices 
a detached mass of limestone 127 paces in girth, which may possibly be an 
‘ erratic ' slipped down from Sirban mountain, aided possibly by ice before the 
intervening ravine was cut, or, as I would suggest, when it might have been 
sheeted over by ice ; and Mr. Wynne records the discovery by myself of glacial 
striss on a block of quartzite below Torbelal I mention this to express my belief 
that the strife in question are not glacial, as 1 once supposed they might be ; but 
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wliat could have produced Bfcraight, but not parallel, scratches on a Lard corne- 
ous quartzite, T cannot say. They may be glacial^ but their varying direction 
makes this very doubtful. 

To revert now to my own observations during the past season. I may commence 
by saying that a re-cxaminiition of the ground near Jand failed to verify the 
occurrence of ‘ erratic ’ blocks in the peculiar silt of that neighbourhood. Tlic 
occurrence of ‘ erratic ’ blocks in this silt rests on two presumed instances recorded 
in my paper (Records X, p. 112) of such blocks being seen reposing in situ 
and partly embedded in the silt; but from the conditions of the case, such 
an observation rc(piires corroborjition, and hitherto my search for a section dis- 
playing such blocks embedded in the silt has not been rewarded with success ; and 
the glacial character of the deposit may therefore be still considered as unsettled. 
Thai this silt is a lacustrine deposit, is, I think, more than probable, and that it is 
really the homologuo of the coarse alluvial accumulations near Rawalpindi, when 
the lower ])ai’t of the Sohan valley and the adjoining region along the Indus, 
with the Cljuch Hazara plain, constituted a lake through which the Indus flowed, 
and which owed its origin in part perhaps to that subsidence of the whole area to 
which the thick alluvial deposits in the Indus valley and its tributaries bear tes- 
timony. If ray suggestion is coiTect, that this silt is the exact homologuo of the 
clays and gravels to the east cand north, it at once explains why no erratics are 
found embedded in it, though more or less widely dispersed over the area covered 
by it, since I shall presently show that the glacial conditions whereby the erratics 
in question became distributed, supervened on (that is, after) the deposition of 
the gravels in question. At page 516 of the Manual, Mr. Blanford suggests the 
idea of lacustrine conditions as contributing to the dispersal of these blocks, with 
the alternative suggestion of a variation in the course of the Indus, and to the 7*e- 
versed flow of its tributaries in great floods. I shall endeavour to show that each 
of these suggestions has its share in producing the phenomena under review. 
The lineal arrangement of these ‘ erratics ' in the Potwar, — one line following 
the general direction of the Sohiln valley, whilst a parallel train of erratics passed 
near Jand (Rec. X., page 142), could only have originated in two ways, — either 
through ‘ moraines * descending to the Indus trough, or through floating masses of 
ice sweeping up the tributary valleys during a reversed flow of the streams pro- 
duced by floods. And the result would not be interfered with, supposing the area 
adjoining the river to have been temporarily covered by a lake, as the reversed 
flow of the streams falling into the lake, during the rise in its waters resulting from 
Indus floods, would suffice to establish a direct current, mainly coinciding with 
the old river channels, through the body of still water of the lake at large and 
constituting water lanes^ along which the erratic blocks and floating ice could 
be carried, and to which the linear arrangement of the blocks now seen would 
be due. If, however, there was no lake, the * reversed ’ flow of flood would pro- 
duce this lineal arrangement of erratics, as a matter of course ; but the presence 
of a lake would, I think, no less permit of a similar distribution of the blocks, and 
Would fully account for their presence in the situations they are found to occupy, 
that is, on the top of the alluvium, as near Pindigheb, for example, and Taman. 
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Leaving the vicinity of .land, which may be regarded as somewhere near the 
centre of the supposed lake, and proceeding north, wc find an instructive section 
of these valley deposits near Pari, on the Ndra river (3 miles east-south-east from 
Shadipur, on the right bank of the Indus^ and about 15 miles from Jand. Ap- 
proaching the Indus from the south-east, along tlie road leading to Pari and 
Shadipur, we see in front of us a long stretch of rising ground, more or less 
parallel with the river and decreasing in height away from the banks. The edge 
of this line of rising ground is very rugged and broken up by denudation, and the 
Nara river below Pari gives a clear section of the beds, showing that the rising 
ground in question is simply a belt of coarse beds, whose maximum thickness is 
attained in the immediate vicinity of the river, and which thins out away from 
its channel, owing to the coarser material being at once deposited, whilst the 
finer sediment only is conveyed to more distant parts of the valley. The bod of 
the Indus is here cut dee])ly in Siwalik sandstones, dipping mostly at high 
angles. On the edge of these beds rests a thick alluvial deposit, divisible into 
a lower or conglomeratic portion, and an upper division of clays in which the 
conglomeratic element is wholly subordinate — the united thickness of both divi- 
sions along the river not falling short of 80 or 100 feet, though how much 
has been removed by surface denudation, it is impossible to say. The lower 
conglomerate is very coarse and heterogeneously composed, the largest bouldej's 
in it being of nummulitic limestone, commonly 3 or 4 foot in girth ; and often 
sub-angular, the ingredients being evidently derived from the (^hitapahiir 
range only a few miles distant to the north. This dej)osit is clearly a coarse river 
gravel, but although very large blocks occur in it, I did not notice decisive 
proofs of glacial conditions — ^that is, any monster blocks of the Hazara gneiss 
actually in it. In the valley of the Nara river, however, one mile east of 
Shadipur, I noticed two huge ‘eti’atics’ not far apart, one of Hazara gneiss 
50 feet in girth, and one of nummulitic limestone 60 feet in girth ; but 
although these might have been derived (from the position they were in) 
from the coarse bottom bed above described, they might equally have been let 
down into the stream bed from a higher position by mere denudation, and this 
view is supported by other considerations I shall soen adduce. All about Pari, 
too, large craggy masses of limestone are scattered, which may be doubtfully 
referred either to this coarse bed or to ice flotation at a later period ; and their 
distance from the river, and their being out of the direct line of its floods 
properly so viewed, render the latter supposition, I think, the preferable one. 
Above this coarse bottom bed occurs a group of clays of equal iihiokness, or 
greater perhaps, away from the immediate vicinity of the river. This clay in 
places contains a little kankar, and forms the general surface of the country here- 
aboqts ; and on its surface genuine erratics are here and there seen of the Ha/ira 
gneiss, which, as I believe, can have been only so brought by ice flotation ; and 
if we regard the basal conglomerates as local deposits, resulting from the proxi- 
mity of the Indus gorge (below Nilab Gash) and the Ohitapahar range, the 
homology between the Jand silt and the ordinary valley alluvium is clearly seen, 
both resting on the denuded sandstones, wherein the river has now deeply sunk, 
and both supporting genuine ‘erratic’ blocks of a later period. 
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Leaving now the Potwdr, and (jrossing the Chitapahar range, wo descend 
into the valley of the Hurroh (which joins the Indus at the rectangular bend 
that river makes to the west), at Nilat, where the old royal road from Peshawar 
to Hindustan used to cross, and both the Haripur and Clinch plains offer some 
points of great interest in connection with their recent deposits and the physical 
changes of surface they reveal. 

The Haripur plain is bounded on all sides except to the south-west l>y 
hills, and is composed of a deep alluvial deposit, the older rocks not usually 
appearing, away from the hills which bound the valley. South of the old can- 
tonments of Haripur, the whole of the drainage of the valley is conveyed into 
the Hurroh river; whilst that to the north finds its way into the Dorh, which, 
after being joined by the Siran, flows into the Indus above Torbela, past the 
northern extremity of Gandgarh mountain, which is interposed between that 
river and the Haripur plain. No erratics occur in any part of the Haripur 
plain, and the valley of the Hurroh is wholly free from them till within a mile 
or less of the spot where the Peshawar trunk road crosses the stream. Down to 
this point the valley may bo said to be sheltered by the mass of Gandgarh ; but 
directly the lower ridges south of Gandgarh are passed (going west), ‘erratics' 
of Hazara gneiss, or the Indus ‘ erratics, ' as they may be called, appear in some 
force, and from the spot whore the road crosses continue down the valley of Hurroh 
as far 08 its junction with the Indus at Barotha. These ‘erratics,* as I have stated, 
have not descended the HuitoIi valley, but have cut abruptly into it from the 
Indus, below the sheltering barrier of Gandgarh, or, in other words, the former 
course of the Indus coincided with the present course of the Hurroh, west and 
south of that mountain. This will be rendered clear by a glance at the accom- 
panying sketch map, whereon is marked the course of these Indus ‘ erratics ’ and 
their distribution in this neighbourhood ; and it will be at once apparent that at 
no remote period the Kabul river joined the Indus — ^not, as now, at Attock, but 
close to Barotha, some 9 miles to the south. The whole of the country between 
the trunk road on thq noHh and the Hurroh on the south, consists of rolling 
* downs ' of river alluvium, mostly sandy, with here and there a sprinkling of Indus 
gravel and boulders, and scattered ‘ erratics ’ — ^theso last being specially numerous 
along the course of the Hurroh, as the annexed map will show.' Many of these 
erratics are of large size, 50 feet in girth or more, though of course the majority 
are smaller. They consist of Hazdra gneiss or of limestone, which last rock has 
not travelled so far as the other. The sketches here given (see Plate) of one 
hear Dakner and of another near Jand, by Mr. Wynne, will give a good idea of 
the general appearance of those blocks— those of limestone or of any crystalline 
schist being, from the nature of the rock, usually more jagged and angular than 
those of gneiss, which is so wont to ‘ flake off ’ at the surface. 

No one, I think, who insiders that the above ‘ erratics * (granite) have 
trayoUed from the most distant parts of Hazara, and are now seen reposing on a 
( |:^hdy plain, will entertain serious doubts aS to their truly ‘ erratic * character, or 
ibat they have been conveyed by ice flotation to the positions they now occupy. 


' See ako Wynne’s wmp, Becord« X, Part 8. 
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Mr. Wynne also writes as follows (Records X, p. 124) : — “ On one of the river 
terraces oi the Indus gorge, between Pari and Bahtar, I measured an ‘erratic’ 
mass of unfossiliferous limestone 9 foot high and 74 feet in girth, which may have 
belonged to any of the neighbouring limestones, from the lower nUmmulitic down- 
wards, and seems to be as truly an erratic block as any of the others.” No doubt this 
block had not travelled far, but it is interesting to find such a mass on an old river 
terrace, when the full significance is realised of such blocks occurring on the old 
gravels, but not in them, as would seem to have been always assumed as being the 
case, as a matter of course, by the opponents of glacial theories. 

No less interesting, as proving the altered surface conditions now prevailing, 
arc the indications afforded by the lower part of the Dohr valley, where it is 
joined by the Siran. Leaving Ilaripur by the Torbela road, whicli descends 
sensibly, and continues nearly parallel to the course of the Dohr, we come in 
sight, at about 4 miles, of what seems a low ridge stretching right across tho 
valley and connecting the hills across the Dohr with tho Gandgarh range of hills. 
A little to the left of this seeming ridge, and j)erched on tho foot of tho Gand- 
garh hills, is the village of Dari ; and away to the right is Jiarukot. Approach- 
ing neaixjr, we find that the seeming ridge is breached right in front of us by tho 
Doi-h, after being joined by a small stream from tho south, when it flows on and 
joins tho Siran close to the village of Tapli. The road along the bank of tho 
Dohr here affords an excellent section of tho coarse boulder deposits which seem 
to constitute the ridge in question. On the Gandgarh flanks, round which the 
road winds, the deposit consists of coarse gravel and boulder conglomerates, 
with a good many Indus erratics strewed about the hill side and lying in tho bed 
of tho stream. One of these near Tapli was measured by Mr. Wynne (Records, 
XII, p. 132) and found to be 1 09 {eet in girth, and others of about half that size 
arc pretty frequent lower down. None of these have descended the Dohr, and at first 
sight the impression was a very strong one that the seeming bank on which 
Bamkot stands, littered over as it is with ‘erratics, ' was a moraine which had 
descended the Siran valley and been breached by the Dohr prior to its effecting a 
junction with the former river. An examination of the ground about Barukot, 
however, totally dispelled this view and revealed a very curious and anomalous con- 
dition of things. The ridge in question was found to be a remnant of the same old 
alluvium constituting the Haripur plain, and cut into a tongue by tho Siran on one 
side of it and the Dohr on the other. This spit, or tongue, is thickly covered with 
Indus houldef gravel and some errcdics ; but not a single erratic or boulder en- 
croaches on or is found in the Haripur plain, which is here below it in level ; and 
I do not think any of this gravel is discernible over 100 yards beyond its sharply- 
defined boundary at the village of Dari, or south of tho Dohr, which ran under 
the Barukot ridge. 

In the valley of the Siran, not a boulder or erratic is to be seen, and the sur- 
prising inference is unavoidable that the capping of boulder gravels and erratics 
has been washed over tho Haripur alluvium from the Indus itself. At first sight 
it would seem as if these erratics and boulder gravel or drift must have ascended 
the course of tho joint Dohr and Siran valley, but a glance at tho map and the 
space covered by these ‘erratics’ will show that supposition is not nccossary, But 
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the rcnmrkablc! thing is, that if the Indus current brought this gravel over the 
top of what now form the Barukot ridge, it did not pass bodily round Gand- 
garli hills and flow through tlio plains east of Gandgarh. 

Tlie accumulation of ‘ erratics * rafted by ice, up a bjick water of a tributary 
during a flood in the main river, could be easily understood ; but not so a 
thick deposit of boulder gravel, unless on the supposition that the well-rounded 
rjharacter of the boulders is no bar to their being a veritable glacial deposit 
also. And this conclusion is, I think, the only one admissible. A strong cun*ent 
alone (if we dismiss the idea of ice flotation) could have accumulated the 
coarse cap of boulder gravel and clays here seen, between Dari and Barukot ; 
but if the Indus flowed as far as Dari in full current, it must have flowed 
further towards ITaripur ; but this it unquestionably never did, and the conclu- 
sion therefore is that this deposit is one foraied by floating ice charged with 
clay and boulders, which accumulated in the ‘ cul de sac ’ of the Dohr mouth and 
deposited its burden on melting all over the area submerged by the Indus flood 
water. The reason why the Indus did not flow further into the Haripur plain 
is of course that the plain was then higher than now, and barred the further 
advance of the flood waters laden with ‘ erratics ’ in that direction. As I have 
remarked, the boundary of this coarse boulder deposit is very sharp and defined, 
and this belt of gravel has served to check denudation over the area covered by it, 
while the undefended alluAuum of the Haripur plain has been greatly lowered 
by the scour of the Dohr and its feeders, the result being the scarped gravel-cap- 
ped ridge on which Barukot stands. Parts of this deposit have a certain resem- 
blance to the Talchlr houlder led, in consisting of a compact clay in which boulders 
are disseminated, as may be seen in the cuttings on the Torbela road, though the 
bulk of the de])osit is a coarse stratified boulder gravel. 

The following localities for ‘ erratics ’ may be specified. From Barukot to 
Torbela along the course of the Dohr, and on the left bank of the Indus for 
some miles above Torbela, some of these gneiss erratics are over 100 feet in girth. 
Near Attock small erratics, as well as rounded boulders, arc freely scattered about 
to a level of from 300 (or perhaps 400) feet, or thereabouts, above the present 
bed of the river. South of Haji Shah a gneiss ‘ erratic,’ some 20 feet in girth, is 
lying in a field, and some smaller ones near it. One mile north-east of Camp- 
bellpur is a gneiss * erratic ’ 30 feet in girth, and in the low ground near Campbell- 
pur, an enormous number of ' eri*atics ’ from 20 to 30 up to near 100 feet in 
girth. The largest of these are limestone, but some of the smaller ones are of 
gneiss. South-east of Campbellpur, near the village of Boliwala, a little outside, 
seemingly^ the limits of the Indus bed, or Haro (Hurroh) channel as it now is, 
a few ‘ erratics ’ are seen 12 feet or more in girth ; and these blocks were pro- 
bably stranded there during floods. At mile east-south-east from Boliwala is 
a granite ‘ erratic ’ in a field bp itself, with ‘ cup marks ’ on the top. 

The whole country in this direction, towards Kala-ka-serai, is an old high 
level alluvium, oo-extensive with the Indus alltivium of the lower Haro (Hurroh) 
valley, hut no erratics save those near Boliwala on its edge were noticed in it. 
Some 3 miles north-east of Choi, on the road from Campbellpur, a huge and 
jagged erratic of quai^tzose gneiss occurs. It has spontaneously broken up into 
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several pieces, but must when whole have mcasureJ some CO feet in girth. In a 
word, the wdiole country is dottied with these erratics from the point where the 
Peshawar road crosses the Haro, to the mouth of that river at Barotha, and thence 
to Dakner in tlie Attock road. 

Across the Indus, in a north-west direction, stretches the Yusufzai plain, the 
broad open valley of the lower portion of the Kabul river. This plain consists 
of a thick deposit of alluvium laid down by the Kabul river and its tributaries, 
and may be partly at least of Licustrine origin. 1 made one traverse across it 
from Nowshera to Hoti Murdau. Opposite No\vshera is a low range, over which 
the road is carried. To the right the range sinks down and is covered over by 
alluvium. Resting on this alluvium, w^erc a good many large limestone blocks, 
which seemed to have travelled from the neighbouring range, rafted as I imagine 
by ice. A little w'est of the road, on the slopes of the range, I noticed a large 
bkxik of limestone “ pcTchcd ” on three smaller blocks on the alluvium. These 
blocks liad none of the appearance of being artificially arranged, and if not, 
this must be considered a truly ‘perched * block. None of those blocks exceed 
(> OT‘ 8 feet in diameter, and they are all derived from the ridge to the west of 
the road. I noticed no ernifcics along the line of road from Attock to Peshawar, 
and it is pretty certain the Indus ‘erratics’ never invaded the Yusufzai plain, 
’riiis 1 at first thought strange, till I discovered that at the penod of their 
transport, the Indus ran (as explained) far south of its present course and 
east of Attock to Barotha, which may help to account for no erratics being 
seen north of Attock, though no doubt the valhy of the Kabul i*iver will f>e 
found to have its own proper * erratics’ of the period when search is made 
for them. 

The Pakli plain, or valley north of Mansahra, and the Ughi plain to the north- 
west, both present the same general feature ; they are both surrounded by hills, 
tluj former being traversed by the Simii river, the latter by the Ughi river, falling 
into the Indus near Derband. In the Pakli valley f ho alluvium of the Siran river 
is some 800 feet thick or thereabouts, of which an excellent section is seen on 
the road from Mansahra to either Ughi or Shiiikiari. No ‘ erratics ’ are seen in 
the valley gravels, which are simply oi'dinary river gravels and clays interstra- 
tified; but large boulders, which 1 regard as erratics, are occasionally seen, 
strewed over the surface. In the open part of the valley these blocks are 
exceptional ; but a few miles from Shinkiari, where the Siran debouches from 
the hills, and all up the Siran valley, below and above Shinkiari, erratic blocks 
are very numerous at all levels resting on the surface of the ground, 

I have not examined the Ughi plain in detail, but at the foot of the Susalgali 
pass leading from Mansahra to Ughi, and a few miles from that place, I noticed a 
few granite blocks resting on the alluvium, precisely as noticed near Shinkiari. 

It is, however, in the valley of the Nainsukh or Kanhar river that the 
clearest sections are seen demonstrating the relations of the ‘erratics’ of the 
glacial period to the older alluvial deposits. 

The Nainsukh falls into the Jhelum opposite Rara, and at Gurhi-Habibulla 
on the direct road from Mansahra to Muzafarabad, is a muddy brawling glacier 
stream, spanned by a handsome suspension bridge. In the bed of the sU'eam 
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are ti amorous * entities,* and I determined to trace them to their source, though 
I hardly anticipated so clear and decisive a result as rewarded my ofForts. 

The valley of the Nainsukh or Kanhar river, draining the Kaghan valley on 
the north, is very narrow with a very great fall, and bounded on either side by 
ranges of hills with peaks from 8,000 to 15,000 feet or more. On nearing Garhi 
Habibulla from Mansahra enormous ‘ fans’ are seen descending from the range 
across the river (to the cast) to the stream. On the west bank, however, the 
road from Garhi to Kaghan lies along the bed of the stream, and is skirted 
in many places for miles by a steep clifF of old river gravels, through which the 
brawling river has cut its present bed. This cliff varies from 80 to 100 feet 
or more in height, and the thickness of the gravels, or old alluvial deposits, of the 
Kanhar river may be 150 or 200 feet or more, which is neither easy on a 

cursory visit, nor material to determine. In this cliff every pebble is clearly 

exposed, and the striking fact was soon established beyond all question, that no 
* erratics’ existed in this deposit from top to bottom. Yet, they were plentiful 
enough in the bed of the stream, from 15 to 60 feet or more in girth. 

Where, then, did they come from ? 

About Garhi, the gravel of this old alluvium is not very coarse, that is, it is 
a gravel in which boulders of one foot in diameter arc rare and conspicuous for 
their size, contrasted with the bulk of the materials around them. Ascending 
the stream, however, the deposit increases in coarseness gradually, till near 
Byssia, boulders of from 1 to 10 feet in diameter have become pretty 

numerous, but no erratics or boulders of a larger size. The section of the 

deposit is clear, and the fact indisputable. A mile below Byssia, the road winds 
round an almost overhanging cliff of these gravels. Hero an occasional boulder 
of 3 feet in diameter may bo detected, thopgh such are rare ; whilst in the 
river bed beneath huge ‘ erratics ’ are plentiful, and a little way higher up 
numbers occur, two of which were over 70 feet in girth. The largest ‘ erratics ’ 
in the river bed are of the usual Hazara gneiss ; whereas gneiss is not prominent 
in the terrace gravels, and only in small boulders, the larger blocks in these beds 
consisting of limestone, hard schists, or trap rocks. It, therefore, became perfectly 
clear, even before reaching Byssia, that no erratics were being brought down 
by anij agency during the period these old gravels were being laid down. 

This deduction, which is beyond challenge, is the key to the glacial pheno- 
mena of the entire sub-Himalayan region. 

Byssia is built on a low terrace of coarse gravel, as described above ; but it is 
not more than a third as high as the terrace near Garhi. On the opposite bank 
of the river, however, a part of the old alluvial terrace is seen of the usual 
height, BO it is clear that some agefucy has operated to reduce the height of that 
portion on which Byssia stands. Close to the village some scattered ' erratics ’ 
are seen, and at the village graves, a line of erratics commences and extends 
thence right up the valley. The annexed sketch (see map) will illustrate the 
general feature of the ground. The erratic blocks are of the ordinary character 
of the Hazdra gneiss erratics ; and it would seem to be the continuation of this 
line, engulphed in the river, which I noticed above as yielding blocks 70 feet 
in girth. 
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The origin of this stream of * erratics ’ is not far to seek. Ascending the 
valley above Byssia, the village of Shahwal is soon reached, standing on the 
further bank of a small stream. Down this stream has descended what those Avho 
please may call a *fan,’ but what I term a ‘moraine,’ disintegrated perhaps by 
subsequent stream action, but which consists of an enormous stream of granite 
blocks from the range behind, up, say, to 40 feet or moi*e in girth. This stream 
unites with a similar one which has descended the main valley, and is just an 
old lateral moraine. A little way below this a small streamlet of blocks has 
forced its way down a naiTOw valley, — I may almost say cascaded down it, — and 
joining the larger lateral moraine of Shahwal has helped to swell the stream of 
blocks all tending towards Byssia. The little valley alluded to is barely 50 yards 
broad with steep V sides, and yet several of the blocks piled all on top of each 
other are from 40 to 70 feet in girth and comjdetely jam the gorge. The fall of 
this gorge is steep, and I doubt if it ever contains a couple of feet of water, and 
that must be often broken up into foam, cascading over these rocky masses, 
the arrangement of which is shown in the outline section, fig. 2 (see map). 

In bringing forward this section, however, I claim to bo understood intelli- 
gently, and not to bo confronted by inapplicable syllogisms of the well-known V 
order of argument of the anti glacial ists. Whoever, indeed, looks hero for ice 
marks on the rocks will be disappointed ; nor can the obvious history of the gorge 
lead to any other anticipation. The gorge originally gave passage to a small 
glacier, as no other moans I consider adequate to the transport of the rocky masses 
found in it. The base of the glacier no donbt was of the usual shape, and at a 
much higher level than the present bed of the V-sliaped gorge. On the dis- 
appearance of the glacier, stream action commenced, and, aided by the scour of 
the sharp granite detritus, soon effjiced the old valley and cut down the present 
V-shaped channel into which, pari passu, the ‘erratic' blocks subsided. To 
imagine that such a piddling stream as could ever have found its way down hero, 
brought down these huge blocks, is simply absurd. The argument might bo 
adduced for the large stream under Shahwal, but not hero. 

The constitution, however, of the old river gravels disproves the idea that 
stream action which produced them had any influence in bringing down the 
‘erratics.’ The material of which the ‘ erratics ' consist, existed then, as now, 
close at hand in the adjoining ranges, but the power to move them was wanting, 
till the supervention of glacial conditions during a later period. It would hK) 
mere repetition to describe similar cases all up the valley, the ‘erra'tics’ every- 
where reposing on the river gravels and being obviously referrible to subsequent 
ice action and not to river transport. 

The consideration of the above facts affords a key, in my opinion, for recon- 
ciling the opposing views held, regarding the share played by ice in the formation 
of these recent deposits. The presence of huge ‘erratics’ strewn over the outer 
hills is appealed to by men like myself, supporters of glacial views, as a proof of 
the reality of such agency, and is opposed by other observers on the ground that 
such blocks are embedded in deposits of palpably fluviatile origin, but till mm 
it has never been shown that both advocates are in a measure right, though in 
reality the erratic blocks merely rest on and are not really embedded, save 
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superficially, in tlie river deposits. To quote an example : Near Biasi, on the 
Chindb, an enormous limestone ‘ erratic* was pointed out by me to my colleagues, 
Messrs. Medlicott and Lydekkcr, in proof of glacial conditions having necessarily 
been involved in its transport, but as it rested on a thick deposit of river gravels, 
my argument was hold to be discredited. In these cases, as in all others that I 
hive seen, this ‘ erratic ’ block rested on the river deposits, but the true signi- 
ficance of this fact was not then fully comprehended by any of us, and was looked 
on as fortuitous, in place of being the normal position of these blocks with refer- 
ence to the old river gravels. 

Considering tlicn, as I do, that the distinct relation of a newer glacial 
deposit, consisting mainly of * erratic ' blocks, to an older] fluviatilo deposit, as 
established beyond controversy by the sections seen in the Kanhar river, and 
the consequent extension of an isothermal lino compatible with the existence of 
glaciers, to so low a level as between 2,000 and 3,000 feet in the Northern Punjab, 
I would here add a few words on the various objections which have been adduced 
against the possibility of such a condition of things elsewhere. 

In my ])apcr on the ancient glaciers of the Kangra district (Records VII, 
p. 86), I endeavoured to show that the ‘erratics* originally described by 
Mr. Medlicott as ‘glacial debris of the Dhauladhdr’ (Memoirs, III, Part 2, 
p. 155) were really due to moraine transport ; but I did not then comprehend 
the true key of their seeming anomalous relation to fluviatile deposits wherever 
they arc seen to rest. I did not then apprehend that they only rested on such 
deposits and were not enveloped in them. But I did comjjrehend. wnd claim 
to have distinctly asserted that they were of moraine origin, and, what is more, 
that th^re should he no possible misapprehension (though in this I was vastly 
mistaken), I divided the area into three vertical zones or areas, naming each 
respectively pre-glacial, glacial, and post-glacial. I quote my own words (Z. c. 
p. 93). “The Kangra district may be ideally divided into three vertical areas 
or zones : 

Firstly, a pre-glacial area embracing the whole country, which contributed 
from peak to plain to the genesis, and development of the glaHcre under con- 
sideration ; speaking roundly and without any measured data to check the 
estimate, the above zone or area embraces all ground higher than from 250 
to 300 feet above the mean level of the present streams. 

Secondly, a glacial area proper, embmeing the entire area (jither occupied or 
excavated by the glaciers, which may be approximately fixed as commencing 
at the bottom of the above division and terminating below, at a level of about 
150 feet more or less above the mean level of the present streams. 

Thirdly, a post-glacial area, embracing the whole of the ground below the 
bSisal limit of the last division and the result of aerial denudation subsequent 
to the cessation of glacial conditions.*’ 

The precise figures used are, of course, open to correction, hnt no possible 
exegws can render the above words clearer than they are, as they stand, and yet 
Mr. J. F. Campbell, F.G.S., with my paper in his hand, actually potters about, 
looking for glacial markings within my post-glacial area, and finding none, 
pronounced my theory discredited (see Journal, Asiatic Society of Bengal, 
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Vol. XL VI, Part II, 1877, Campbell on Himalayan glaciation). 1 shall not 
discuss Mr. Campbeirs brochure at length, simply because a man who professes 
to refute the views of another, which his every word proves him not to have 
comprehended, cannot be profitably argued with, but some (of Mr. Campbeirs 
arguments, being of a general natui’e and the joint ]>roperty and stock-in-trade 
of all anti-glacial geologists, may be here noticed. It may be hero mentioned 
that as Mr. Campbell has not realised the conditions which I believe really ob- 
tained, many of the arguments adduced arc really and truly beside the question ; 
but n’importe.”* 

Arguments why glaciers never descended, as ascribed by me, to within 2,000 
or 3,000 feet of the sea in Northern India:— 

I. — The course of these suppositivc glaciers lies along V-sliapcd valleys, which 

indicate aqueous, not glacial, erosion. 

Undoubtedly, as the remarks previously made show, the [glaciers descended 
on top of an cnonnous accuinulatlon of gravels Jilling up the old valleys of a V 
shape. These gravels were only partly cut down and cleared away by the glaciers ; 
and partly to this, and partly to the post-glacial action of streams, the contours 
of the ground are all of the V kind. Argument No. I is consequently worthless. 

II. — No glacial markings are found on rocks in situ, as must have been the 

case had each river bed given passage to a glacier, as asserted. 

To this I remark, that search for such marks seems generally to have been 
made by Mr. Campbell in places where, if my theory is correct, no glacier 
ever descended, that is, in contact with the present rock surface ; and that the 
ordinary roads loading up our large river valleys lie, as a matter of fact, below 
the level, where ice action would have left its mark. Then, again, so much of the 
ground in question is made up of rock unfitted for, or incapable of, retaining 
‘ ice markings and when the rock is fitted, it forms crags above the paths now 
used, accessible to few living things, save the wild goat and his natural enemy, 
the human hunter. This argument is therefore no better than the last. 

III. — Absence of striated blocks within the area asserted to have ^been 

traversed by glaciers. 

To this I reply that the rock which has furnished the largest and most 
numerous ‘ erratics ’ (granitoid gneiss) is wholly unfitted for the retention of any 

1 Mr. Campbell’s observation was very far from being so preposterous as Mr. Theobald would 
make out. Notwithstanding the definitions quoted above — a general meaning for which (and it 
would be ridiculous to attach a rigorous meaning to such definitions, where the conditions neces- 
sarily admit of exceptions) was sufiiciently obvious, in the prevailing erosion of the river gorges 
below the level of the old gravels — it was a perfectly fair, or even inevitable, inference that any 
rock-surface supporting the old gravels was one on which, according to Mr. Theobald, a glacier 
had travelled. Mr. Campbell found such a surface freshly exposed, but withdbt any trace of the 
markings required by such conditions. There might remain a dispute about the identity of the 
gravels at that spot, but this would altogether change the venue of the case. It would seem that 
Mr. Theobald did not at the time comprehend his own brochure otherwise than Mr. Campbell ; 
for in a subsequent notice (Records X, p« IdO) of the opinion that had been passed upon the 
supposed glaciers of the Eingra valley, he makes no allusion to the rejoinder which he now 
(as suggested by his recent observations) urges with such ultra ferocious vigour-~a triumphant 
style which by no means helps to impart the conviction it ostensibly implies,— H. B. M. 
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su<;li marks ; and also that the deposits, whereon these erratics resty bcin^ of fluvia- 
tilo origin, Lave naturally been searched in vain for such evidence ; and lastly 
(wliatevcr may be the reason therefor), in India, scratched blocks are so rare 
as almost to be exceptional in the vicinity of existing glaciers. The absence or 
rarity of ‘ scratched blocks ’ at low levels is merely, therefore, a negative argument, 
which, if of any force, might be used to disprove the existence of glaciers, where 
they are now actually to be met with. Argument No. Ill therefore is as little 
cogent as its predecessors. 

IV. — Water poAver is sufTiciont to account for the trans])ort of the blocks 
termed by me ‘ erratics * and referred by me to cither floating icc 
or ‘ moraines.’ 

This is an argument which anti-glacinlists never weary of producing, in season 
.and out of season, and requires therefore some consideration. As Ihe Kjingra 
* (U’ralics ’ range up to 1.50 feet in girth, and many of them of very largo siz(‘ stand 
well f)nt in the plains, aAvay from the hills and in cultivated ground, I have 
no belief in sucli a vehicle for such blocks. Hoav the case might be in a river 
bed is another matter; but standing, as many of these erratics do, in open ground, 
the idea is not tenable for an instant.* 

Mr. Campbell remarks: “I am quite certain that the Kan gra erratics are 
large ‘ ])ebbles ’ washed out of the * cads ’2 by h(‘avy floods.” Now, if these erratics 
Avere met Avith 07ih/ in the * cads’ (khuds) or nu)rc numerously in the khuds, 
than out of them, Mr. Campbell’s argument would liaA^e a colourable basis ; but 
the revc'rse is the case, and the largest blocks are found in spots where it is im- 
possible they could have been washed into out of any possible khud. 

To descend, however, from the general to the particular. Let us examine the 
case of how Indian rivers do deal with masses, such as Kangra * erratics.* 

In my Kangra paper I say : “ At Sujanpur, the moraine of the Sujjinpiir 
glacier is seen pushed right across the present channel of the Beas, at a vivch higher 
level than that of the present stream, which has made a clean and deep cut through 
it ; yet, though the ‘ erratic ’ blocks scattered round the travellers* bungaloAv at 
Sujdnpur and all over the truncated end of the moraine on the oj)posite side of 
the river are of a large size, not a trace of one can be seen in the river bed 
beneath.” 

This disappearance of the ‘ erratics ' in the bed of the stream may be accounted 
for in three ways. There is, first, the * rush of water ’ theory of the anti-glacialists, 
and, doubtless, if a piddling stream could have brought these blocks as far as 
the banks of the Beas, f he bigger river could have easily moved them on ; in which 
case we should expect to find them congregated in a lump or bar, at the first 
spot where the reduced velocity of the river outside the hills deprived it of the 

* The fftllaey of assuming that the surface on which these blocks now lie is that on which 
they wore deposited, has been alnaady indicated (Jour. As. Soc., Bengal, XLVI, Pt. II, p. 13).— 
H. B. M. 

‘2 1 am indebted to Mr. Medlicott for kindly pointing out to mo that the word ‘ cod^ which 
t had (in my ignorance) sop}>o8ed to he a local term, current in the Highlands of Scotland, and 
pure Oaelic for gravels, was merely a novel mode of spelling the common Indian word * khud ’ == a 
ateep valley. 
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necessary power required to carry the. Idock onwards ; but no such accumulation 
is seen, and lienee it is very doubtful if the river ever acted in this manner. 
SecoTully, the blocks, afterbeing engulplied in the main clninnel, may be supposed 
to have lieen destro^’od by wear and tear and the imjiaci- of rolling masses during 
floods. Such a process, no doubt, disposes of a vast bulk of materials in every 
stream ; but it is a process probably more active in mountain torrents with a 
steeper fall, but less actual body of water than the Ileas. 'I’hirdly, there is the 
scouring action, which during floods undermines big obsiaclos to the current, and 
eventually entombs them in the grave thus produced, levelling the gravel flush 
over the spot where they have disappeared ; and this 1 lieliovo to be the case 
in the Beas, and the true exfdauation of the paucity of ‘ erratics ’ in its cliannel. 

To consider now the crisc of a river whose velocity l:irgely exceeds that of 
the Beas at Sujanpur. The Jholum below Uri fulfils this condition, as the 
stream is there in many spots a ‘race,’ and the bed of the rivc^r is full, moreover, 
of these very erratics, dorivtul from the lofty peaks of tlie Kaj Nag adjoining. 
^V’'hat water can do in a stream bed with such ‘ erratics ’ w'c here see. The ofToct 
of the rapid stream is to clear away all gravel and smaller boulders, leaving Ibc 
larger masses packed against each other, witli great cavernous interspaces between. 
Over these masses of rock, the waters cascade in sheets of foam, or force their 
way in hissing jets between or beneath them ; but the rocky masses themselves 
are immoveably ]iacked by the very force and agency of that element which 
some 'would regard as capable undcir such circumstances of swee[)ing tlunn away 
Not a bit of it — occasionally fa blasted pine, whirling down stream, gets swept 
between the blocks, and by its leverage wrenches them apart; but this is a ])ass- 
ing incident, and its (jflect, so far fis any oriwiird and progressive movement of tlu^ 
blocks i.s concerned, is inappreciable. 

These two instiinccs of the Befis and Jhclum illustrate the power possesscMl 
by w^ater under the ordinary operations of nature to move masses like the sub- ■ 
Himalayan erratics; but the necessity of \veighing the argument is almost dis- 
pensed with from the now cstahlished fact (pnisurning the Kangra and Ha/.ilra. 
deposits to be homologous) that the erratics do not occur cun bedded in tlio old 
river gravels, but simply I’csiing on them. 

How, too, I ask, on the supposition advocated bj^ IMr. Campb(3ll, that tlio 
‘ errdtirfs,' as I consider them, arc meixjly masses transported down a ‘ fan * by 
stream action — ^liow, I ask, comes it, that they have crossed over tlie Boas from 
north to south, as shown in my map above Sujanpur. It is impossible' that the 
materials swept into a idver down a ‘fan' should cross its channel and be found 
on the opposite bank. With the old glaciers the case was different. They coin- 
cided genci’ally only with the present valleys, but not wdth the existing river bc<ls . 
and hence, as in the case of the * erratics * on the south bank of the Boas at 
Sujanpur, their moraines were breached by the rivers which succeeded them. The 
same argument and the same latitude will not apply to any supposed rivers, as 
agents in producing this arrangement of ‘ erratics as, supposing the Beas (as is 
a simple supposition, quite possible) to have formerly held the more southern 
course, which I suppose the glacier here did, and to have run south of whom the 
‘ erratics ’ in question now occur, yet it is impossible to suppose that the nver 
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can have cut its way back north into its present course without removing, 
in so doing, the ‘erratics* which stand in a position which would, under such 
circumstances, have been its channel for a certain period. The contour of the 
ground, too, is opposed to the idea of the river having ever flowed, at the spot, 
more to the south, so that the ‘ fan * theory of ‘ erratic * transport wholly breaks 
down, 

The following notes, penned so far back as 1871, may be hero quoted, as 
the views then advocated are strongly corroborated by the foregoing results 
of last season. 

“ The interest which attaches to any well-defined traces of former glacial 
conditions, away from the immediate vicinity of the main Himalayan ranges, 
induces me to bring forward such an instance (as I believe it to bo) on the flank 
of Jogi Tillah, the well-known hill near Jhelum, and which must, if substantiated, 
offer considerable support to the view of a former more extensive glaciation in 
India than is generally supposed, and not dependent on any present local fea- 
tures, orographical or hypsometrical. 

“ Jogi Tillah, which rises somewhat abruptly from the plains, is situated 16 
miles west-south-west from Jhelum, and may bo regarded as the most easterly 
termination of the Salt-range, though severed from it by some complicated 
faulting and the channel of the Bunhar river. The mountain itself is a wedge 
of rock forming an epitome of the Salt-range strata, and displaying at base the 
dcivonian salt marl on the one hand, whilst on its opposite slope a thin belt 
of nummulitic limestone dips at a steep angle beneath the extended newer 
iertiarics which form the great Potowar plateau. As the dip of the beds is 
to the north-west, the scarp of the hill faces the south-east, and below the 
scarp, the hill side falls rapidly away over a talus of fragmentary blocks 
deeply excavated by ravines which furrow the newer tertiary beds at its base. 
Viewed from a distance, the profile of the outer hills immediately beyond the 
scarp of the mountain is peculiar, the outline being that of a long, flat hill, with 
a slope outward of less than 10,® though what is seen is really the profile of 
one of many long ridges, separated by narrow valleys, deeply excavated in tlio 
soft tertiary sands and clays. So far there is nothing peculiar, nor are any 
(at least prominent) traces of glacial action met with either to the east or west 
of the hill, or over the flat Potowar plateau stretching away for miles to the 
north of *it. For a narrow space, however, of about 3 miles west of Hdn, 
over a bolt of ground corresponding with the loftiest point of the mountain, 
the whole surface is more or less thickly covered with blocks, irregular and 
subnangular, of the rocks forming the mass of the hill and presenting all the 
appearance of having formed part of an enormous moraine, or group of 
moraines, which swept down with a grand curve a little west of Hamula, and 
thence on to within a similar distance of Hdn, both villages standing just out- 
side* of the great stream of fragments. On the top of the ridges, now some 
200 feet or more above the present sti'eams, these fragments are thickly packed, 
but they are also seen strewed over the, sides of the hill and choking up the 
beds of the streams. The general relations and arrangement of these blocks are 
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nowliere better seen than on the road from Hun to Hamula, and just where 
the road reaches the small stream west of the latter village, the whole coun- 
try betrays signs of being littered over with moraine debris, though all, if I mis- 
take not, subsided through their gravity and the gradually washing away of tho 
soft tertiary bods whereon they once rested, and not actually in situ. This is 
clearly seen by tracing the blocks up tho stoop slope of the hill to their 
undisturbed place at the top, the top being the long sloping ridge, seen in all 
distant views of the ground as gradually sloping from the base of the scarped 
side of the mountain. 

“On the top, then, only, of these ridges (no doubt once an extended and con- 
tinuous plateau) the undisturbed moraine materials are seen, but beyond, on tho 
lower ground, and on tho sides of the hills, tho materials are distributed, 
under the influence of ordinary denudation and gravity. 

“ The blocks which form this great flood of stones are irregular in shape and 
Bub-angular, of no very great size, 2 feet in diameter, perhaps being a fair mean, 
though some larger ones are interspersed here and there. The largest remarked 
by me was barely 8 feet in length, and was split into throe pieces, where it lay, 
most probably, by the action of frost, to which may be attributed the absence 
of any largo fragments. Tho majority of blocks consisted of tho magnesian 
limestone, or some of tho sandstones found in the hill ; but tho red sandstone, 
overlying tho salt marl, though not absent, was scarce, and the few specimens 
seen wore much decayed from the joint action of saline infiltration and tlio 
consequent disintegration of the stone through the action of moisture and frost. 

“ That these stones all descended from tho scarp of Jogi Tillah is clear, but 
hoiv is the question. The gi'ound covered by these blocks may be roughly taken 
as some 3 miles in breadth opposite the highest peaks of Jogi Tillah, whilst tho 
flood of stones extends over 3 miles or more from the highest peaks. Now tho 
horizontal catchment area opposite tho highest scarp is not appreciably greater 
than on an equal breadth opposite the less elevated portions of the mountain, 
80 that had more streams been the motive power, wo should have to account for 
a local debacle of stones for which no adequate explanation through local 
stream action was available ; whereas in the caito of a glacier, it is clear that 
tho magnitude of the associated moraine would bear a more or loss close ratio 
to tho altitude of the rocky face from which tho glacier originated, just such 
a relation, in fact, as these scattered masses display with relation to tho highest 
point of the mountain. 

“ Three miles may seem a distance not too great for these blocks to have 
travelled during the countless centuries during which tho streams have been 
lowering their channels from the old high level at which they once ran — ^tho 
old glacier level in fact ; but such a supposition leaves out of sight two points : 
first, that though such small streams as descend from Jogi Tillah are capable of 
a very powerful erosive action on the soft beds through which they run, their 
direct transporting power forwards as regards large subangular masses of stone 
is almost nil ; and, secondly, that the great bulk of debris, which I term a 
‘ moraine,* is certainly transported, and that a clear distinction can be observed 
between the high level bulk of the deposit, which may be regarded as the material 
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as left, in situ^ by the cessation of the transporting cause, and the subsidiary 
effect of stream cutting which has since been going on, allowing the lapse from 
the higher level of the “moraine” matters by simple gravity into the newer and 
ever- deepening channels. There is thus a “ consensus " of arguments all tending 
to support a glacial origin for the blocks in question. 

“ There is the general appearance so suggestive of a moraine in the arrange- 
ment of the coarse materials, and the marked and definite sweep they assume 
west of Hun and Hamula. Then there is the marked relation of this band of 
debris to the highest part of the hill, which might of course call for no remark if 
it was confined to a mere talus along the hiiao of the mountain, but is very 
significant when it is found stretching outward at a high level in a manner 
hardly compatible with mere fluvial agency, and there is the difficulty of admit- 
ting the power of streams to produce such a result under the p(;culiar physical 
and surface conditions of the neighbourhood. Finall}^ it can hardly be ques- 
tioned that Jogi Tillah lies well within the isothermal limits of former glacier 
extension, since 1 have sliown that at the period in question that lino embraced 
the southern flanks of the outer hills down to the j)lains west of the .Jumna.” 

The above extract from my notes is given with trivial verbal alterations, 
precisely as it was written in 1871; indeed there is no call for any alteration. 
Both Mr. Medlicott and Mr. Tydcikker accompanied me over the ground, and 
they were much struck with the ai)pcarances which 1 ref(T to glacjial conditions, 
though I believe their verdict at flic time was one of ‘not ju’ovcn.’ It was 
then certainly more bold to adduce such a cause than it would bo uoav, after 
so convincing a demonstration of glacial agency at low levels has been made 
out; but T had previously discovered sj^inptoms of glacial influences to fho 
east, which, if n<^t conclusive per se^ had their jirojicr Aveight in deteriinning 
my own conclusions. I Avill mention a few — not that I insist in eveiy instance 
that they are absolutely indications of ghicial agency, but that such agency 
seems the most probable ex])lauatioTi tlioi-eof, and, with a vicAv to direct future 
observers to these obscure features, that their true bearing may be better eluci- 
dated. In the northern part of the Jheluin district, in the vicinity of the 
Jhelura river, a notoAVorthy feature in the landscai)e is the presence of flat, high 
level plateaux. These are but thinly covered by surface alluvium, and are not 
portions of old lake beds, but consist of sandstones with various dip planed doAvn 
flat in a manner which makes it difiicult to refer such to the result of wandering 
stream action*. These flat plateaux are sometimes slightly inclined, and the most 
natural explanation of this particular surface configuration is ‘ ice action.’ It 
is a feature I have nowhere seen noticed or alluded to by previous writers, and 
I consider it one which merits further study. 

The occurrence in the valleys of moraine materials, disposed as I have de- 
scribed in the Kunhar valley, I sh|^ll not hero allude to at length, as such cases 
are rarely so clear as seen there, and I may have an opportunity of re-examining 
some spots whei^ such deposits are in force, as in some tributaries of the Chinab. 
I will, however, mention one case of a transported block AA’^hich I think can be 
due to none save glacial agency. It is a limestone block lying on the stream, 
1'2 miles south-west from Eiasi, on tlxe Chinab, between the villages Bardol and 
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Karkcli. This block of limestone has been derived from the limestone range to 
the north near IVmi ; but the entire drainage area within which it lies is 
composed of Siwalik sandstones, and it must have crossed the present watershed 
before the excavation of the existing valley. The C^hinsil) here debouches from its 
rocky gorge into the more open valley below Riasi, and flows through a veiy 
thick coarse boulder deposit, 4 miles broad and 8 miles in length, measured along 
the river, which deposits tail ofl', and rapidly diminish as we recede from tlic 
river, and arc in my o])inion largely emuposed of there-arranged ghicial materials 
which must have filled th<j (^liiiuib valley at no remote date, and 1 ri‘fer the limo- 
Btone block near Rardol to tlio same agency and period as that to which T attri- 
bute til c erratic block previously mentioned as lying on the to]) of a thick river 
gi’avcd near Riasi. At J3ardol, liowevcr, tbe block in question lias subsided into 
the valley by the removal, by denudation, of the looser materials whereon it rested ; 
whereas near Riiisi the oilier block is still resting in nearly its original position, 
on tbe undisturbed gravel at a high level above tbe river. No doubt numerous 
similar ciises occur ; but this one may be particularised, as there is no ambiguity 
rc'garding its position and relations. 


Useful Minerals op the Auvali Region hy C. A. Hacket, Oeohgical Survey of 

India. 

Although the Arvali region docs not abound in mineral w^calfh, still it 
contains several extoTisivc mines from which, in bygone times, large quantities 
of copper and lead ores have been extracted, and a number of small pits or 
burrows where ores iu small quantities w'crc found. 

None of these mines were w orked deeper than a few feet below the water 
level on account of the ditflculty of raising the w^ater. In some cases, however, 
when the mine is situated on a hill, an adit level has been driven into tbe bill 
to drain tbe workings and cut tbe veins at a low’^cr level in hope of finding richer 
deposits ; but I believe, both in the case at Ajmerc and Dari bo, these hopes were 
not realised. 

All these mines, with the exception of those worked for iron, arc now aban- 
doned, and the workings filled with water or fallen together, and so little is now 
seen that it is impossible to form an opinion of their value. 

The ore occurs either in small discontinuous veins or thinly .disseminated 
through the rocks. In no case is there anything like a continuous vein or lode 
exposed. 

The following is a list of the minerals, and the localities where found 

Ailan sheeL 

No. 

... 49 

... 60 
... 50 
... 60 


COPPBR. 

Singhana ... ]simikhawati, Jeyporc 

Khotn ... 

Dariho ... ... South of Kbo, Ulwar 

„ in the ritlgc 14 miles to the wost 
Ilhangarh ... ... Ulwar 
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Atlas sheet 
No. 


Kuslialgiirh 

... Ulwar 

... 60 

Baghaui 

... Do. 

... 60 

Partabgarh 

Wost of Nabaro ... 

... Do. ••• ••• ... 

’ ” ^ Near Sainthal, Jeyporo 

... 60 

West of Udlinla ... 

... 60 

South-east of Garh 

Lalsot 

j Lalsot hills, Jeypore 

... 60 

Bahai ... 

... Shuikhawdti, Jeypore ... ... 

... 60 

Nithahar 

... Bhurtporc 

... 60 

Datunda 

... Boondee 

... 34 S.Fj. 

Bewara 

... Near Gaiigapur, Oodey pore ... 

... 34S.W. 

Ajraero 

... Near the Jail ... ... 

... 34N.E. 

Tasing 

... Mandan hills, Ulwar 

... 50 

Jasingpura 

... Near the railway, Ulwar 

... 50 

Gugra 

... 4 miles north-north-east of Ajmere 

... 34 N.E. 

B^jgnrh 

10 miles south of Ajmere ... 

... 34 N.E. 

Bajauri 

... Near the above ... ... 

... 34 N.E. 


Galena. 


Tdragarlihill 

... Ajmere 

... 34 N.E. 

Ganospura 

Indaw^ 

... 30 miles south of Ajmere ... 

... 34 N.E. 

Godha 

j Thana Ghazi, Ulwar 

... 50 


Iron. 


Bhangarh 

B^jgarh 

'"julwBT ... ... 

... 50 

Karwar ••• 

.., Hindaun, Jeypore 

... 50 

Ajmero 

... Near the Jail ... ... 

... 34 N.E. 

Gaiigur 

Oodf^pore ... 

... 35 S.E. 

Bhairompura 

Boondeo ... ... ... 

... 84S.E. 


Nickel and Cobalt. 


Bhangarh 

... Ulwar 

... 60 

Bahai 

... Shaikhawdti, Jeypore ... ... 

... 50 


Zinc. 


Jiwar ’ ... 

... Oodoypore. 



Butile. 


Moiidongri ridge ... 

... Near Ulwar 

... 50 


Plumbago* 



... Gtxrgaon 

... 49 


Gold. 


Sohna ... 

... Gurgaon 

... 49 
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No. 

Kussuinpura 

,, ... South of Delhi ... 

... 40 

Bacli4ra 

... Ulwar hills ••• 

... 60 


Garnets. 


Sarwdr 

.. ... 20 miles south-east of Nussecrahad 

... 34N.K. 

Riljmah&l 

.. ... Jeypore 

... 34 N.^:. 

Mcja 

.. ... Oodeypore ... ... 

... 31 S K. 


Rock Crystal. 


Auraiigpiir 

.. ... 15 miles south of Delhi 

... 49 


Marble. 


Makrana 

.. ... Jodhporo 

... 33 S.E. 

Jlieri 

.. ... Ulwar ... ... ... 

... 50 

Raialo (Raiwala) . 

.. ... Jcyporc 

... 50 

Sai'angwa 

.. ... 6 miles west of Desuri, Oodeypore ... 

... 31 S.W 


Steatite. 


Mora, Bliaiidari 

Al)out 12 miles north of Hiiidaun, Jcyporc 

... 31 S.W 


The most extensive of these mines are those of Khetri and Singhana in 
Shaikhawati, Daribo in Ulwar, and the lead mine at the base of the ^JVtragarh 
hill near Ajmcro. The rest arc, comparatively, very small. 

Copper. — That the old workings, both at Khefcri and Singhana, wore very 
extensive, and the quantity of ore raised considerable, is shown from the largo 
and numerous heaps of slags resulting from the smelting of the copper ore. The 
hill on which the Singhana fort is built is formed, in a great part, of these slags. 

The abandonment of the mines is attributed to the partial failure of the ore 
in depth and to the increased cost of working, and as the Jeypore Durbar would 
not reduce the royalties, the miners abandoned the mines and left the country. 
At present a few men make a living by picking out some stones of ore left in 
the old workings ; and a number of people are engaged in the manufacture of 
Lila (blue vitriol), Pitkhera (alum), and Kasis (copperas). 

The Khetri mines are situated a short distance north of the fort near the 
crest of a ridge of slates about 500 feet above the level of the plain. The mine 
is entered by several shafts of considerable depth, and which lead down to a 
gallery, said to be upwards of 2 miles in length. The direction of the level, as 
pointed out to me, appeared to be parallel to the strike of the slates. The ore 
now brought up from the old workings is copper pyrites ; it occurs in small strings, 
and disseminated through the slates. 

The Singhara mine is about 6 miles north of Khetri. It is entered by a wide 
gallery driven into a ridge of quartzite, in the same direction as the strike of 
the rocks, and near the top of the ridge several hundred feet above the level of 
the plain. This gallery is, in places, 40 to 50 yards wide and of a considciuble 

n 
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Its course into the hill is vciy irregular; the descent for the first hundred 
yards is slight ; beyond this the gradient becomes steep, not less than 60® ; judging 
from the extent of the excavation, a rich pocket of ore must have been met 
with. At this point three separate galleries extend into the hill somewhat 
oblique to each other. 

Beyond the extent of the excavations very little is to be seen in these galleries, 
as hardly a spec of copper has been left by the old miners, and the ends are 
choked up by fallen debris or filled with water. 

My guide through the mine had formerly leased it; and he acknowledged that 
the mine was abandoned from the failure of the ore in depth. But it is possible 
that in continuing the level southwards other pockets of ore would be met with. 
The mine is in a line with the Khetri mine, and it seems probable that many 
pockets of ore would be found if the intervening ground were explored. 

Some time since, report says about a hundred years ago, the roof of the galleiy 
for about 100 yards from the mouth fell in, and a vertical face of the quartzites has 
been left standing in which numerous thin strings and nests of ore are exposed. 

I was told that this was the mode of occuri’ence of the ore in the mine. In 
the bottom of tlie gallery only a few traces of copper ai»e to be seen, thus showing 
that these strings or small veins did not extend, at this place, to any depth 
through the quartzites. 

Considerable quantities of blue vitriol (sulphate of copper), alum, and 
copperas (sulphate of iron), are now manufactured both at Khetri and Singhana 
from the decomposed slates and the refuse of the mines. The slates are steeped 
in water, which is afterwards evaporated in large iron vessels, when the blue 
vitriol is first crystallized out, afterwards the alum and lastly the copperas. 
Mr. Mallet found traces of nickel and cobalt in all three of these substances. 

The blue vitriol is sold for ... ... Bs. 14 per mauud. 

,, Ilium „ ... ... n 4 ,f 

n copperas „ ... ... Be. 1 » 

The Babai workings are in a lino with these two mines and on the same band 
of slates, about 8 miles south of Khetri. The workings consist of a few pits 
sunk in the hill side. A little copper is found disseminated through the slates, 
but I believe the pits are principally worked for Saita, or ore of cobalt, of which 
mention will presently be made. 

The next mine of importance is that of Daribo, near Kho, in the Ulwar terri- 
tory. The mine is situated in a sharp anticlinal bend in slates and quartzites. 
An adit level is driven into the hill through the slates in a southerly direction 
parallel to the strike of the rooks. I could see no trace of a lode ; the ore appears 
to be irregularly disseminated through the black slates, a few specs and stains 
only being seen in the quartzites. Where richer nests of the ore were met with, 
the minei^s have extended their workings a short distance above and below the 
l^el. The miners declare that a rich nest of ore occurs in a pit sunk below 
the level near its southern extremity, but it had to be abandoned on account 
of the water. 
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The present drift was, I believe, begun under the instructions of Captain 
Tmpey, formerly Political Agent at Ulwar, to drain the pits sunk by the natives 
in the hill side. 

The copper occurs in the form of copper pyrites, mixed with arsenical ii’oii. 
The mine is now nearly abandoned and but little ore is to bo soon. 1 had some 
difficulty in finding a bit the size of a hazel nut. 

Blue vitriol, alum, and copperas are manufactured at the mine. 

I found traces of copper in some slates on the same geological horizon in the 
ridge a short distance west of Daribo. 

The Bhangarh workings consist of two or three small pits now fallen together. 
The workings of Kushalgarh, Baghani, and Partabgarli have boon abandoned for 
many years. The natives say that at the two latter places the workings were 
very extensive, and that the mine fell together suddenly, burying a large number 
of men. 

A few small pits have been sunk in the quartzites west of Nabaro and west 
of Udhala, both near Sainthal in the Jeypore territory, from which a little copper 
ore may have been extracted, as the debiis on the surface is stained with copper. 

Near Lalsot, in Joyporo territory, a small hole has been made in the face of 
the scarp, and the stones about are stained with copper. At G-arh, about 15 miles 
north-east of the above, a pit has been sunk to the depth of about 20 or 30 feet. 
There wore traces of copper round the mouth of the pit. In botli those cases, 
although the rocks surrounding the piis were bare and unbroken, I could find 
no trace of a vein or even of copper in aTiy direction a yard from the j)it*s 
mouth. 

At Nithahar, in the Bhurtpore territory, a short level has been driven into 
the hill and a small quantity of copper raised. 

A small pit has been sunk in the quartzites about 2 miles cast of Datunda in 
the Boondee territory. The stones are stained with copper, but I should not 
think sufficient was raised to pay the costs of the pit. 

At Bewara, near Gangapur, in Oodeypore, a number of small pits arc sunk 
in the schists in a north and south line for nearly a mile in length. These pits 
have all fallen together, or are filled with water. The copper appears to have 
been smelted on the spot, but judging from the small quantity of slags, no very 
large amount of ore was raised. 

I observed traces of copper in the old iron workings near the jail at Ajmero, 
also at Tasing in the Mandan hills, and at Jasingpura near the railway, both in 
the Ulwar territoiy. 

Captain C. J. Dixon, in a report dated 8th May 1835, published in the Jour- 
nal of the Asiatic Society, Vol. IV, page 583, mentions the occurrence of copper 
ore at three localities near Ajmere, vw., at Gfigra, 4 miles north-north-east of 
Ajmere, B^jgarh, 12 miles south-south-west of this, and at Bajauri, 10 miles 
south of Ajmere. 

Qalma.^ThQ only lead mine of any importance occurs at the base of the 
Taragarh hill near Ajmere. Formerly these mines produced large quantities of 
lead, although there appears to be some discrepancy in the accounts as to the 
amount. Thus, Captain C. J. Dixon, in a paper Some account of the lead 
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mines of Ajmere”)* published in 1831 in Gleanings in Science, Vol., Ill, page 111, 
states : “ The produce of the mines has hitherto been very limited. The annual 

quantity of metal smelted averages about 850 cwt. while it is stated in the 
Ajmere OazeUear : “Mr. Wilder, the first Superintendent of Ajmere (in 1818), 
took the mines under direct management, and they produced annually from 10,000 
to 12,000 maunds of lead, which was sold at Bs. 11 per maund. 

“ The Ajmere magazine was the chief customer, and on its ceasing to take 
metal in 1846 the mines were closed.’' 

The mines consist of a number of pits sunk in a line several hundred yards 
long, extending from the hill to near the walls of the city. The ore occurs in a 
number of small roughly parallel veins running through a quartzite in nearly 
the same direction as the strike of the rocks. An adit level has also been driven 
into the hill, at a lower level, to drain these pits. 

A small quantity of lead ore has been extracted from a pit sunk near Gancs- 
pura, about 30 miles south of Ajmere. 

Some old lead workings occur at Indawas and Gudha, in Thana Ghazi, in the 
Ulwar territory. The former consists in a long open cutting from 20 to 30 feet 
deep, from which, apparently, a considerable quantity of ore has been raised. 
The workings are now filled with water. At tlie latter place a small pocket of 
ore was recently discovered, but which on being worked was found to die out 
in every direction. 

Iron and Manganese . — Iron ore occurs in several localities, and some of the 
mines have been and are still extensively worked. 

The mines of Bhangarh in Ulwar still produce large quantities of ore. These 
are now the only source of iron for the numerous furnaces in the Ulwar terri- 
tory. The ore is a mixture of limonite, magnetite, and oxide of manganese, 
containing 59*67 per cent, of iron and 12*7 of manganese (Mr. Mallet's 
analysis). 

The old and extensive mines near Rajgarh in Ulwar are not now worked. 

Large quantities of a superior iron ore have been raised at Karwar, near 
Hindaun, but the workings are now abandoned, probably from the scarcity of fuel. 

There are some old iron* workings near the jail at Ajmere, but the produce 
must have been very small. 

Iron ore is now worked to some extent near Gangar, in Oodeypore, and near 
Bhairompura, in Boondee. 

Nickel (md Cobalt . — Traces of nickel have been found in some of the iron ores 
from Bhangarh, but the pit from which the ore was taken has fallen together. 

An ore of cobalt called saita (or seUa) is found in the slate hills near Babai 
in fine strings, and sparsely disseminated through the slates, with pyrrhotite 
(magnetic iron pyrites) and copper pyrites. It is described in mineralogical 
works as Syepoorite (probably^,., a mistake for Jyepoorite), sulphuret of cobalt 
(sulphtir 36’36, cobalt 64* 64). The ore is used for colouring enamels, bangles, 
of a blue colour. 

Zinc. — Large quantities are said to have been obtained from Jawar, in Oodey- 
ppre, but as yet my examination of the country has not extended so far south 
as this. 
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Rutilo (titanic acid) exists in small quantities in some little quartz 
veins in the Motidongri ridge a short distance south of Ulwar, 

Plumbago . — At the back of the town of Soliiia, in the Giirgaon district, a 
thin irregular band of schists occurs in quartzites. From these schists some 
specimens of plumbago have been taken. Thei*c are no traces of any excavations 
ever having been made, except a very small pit, which could not have been many 
feet deep. Anything that I could see was exceedingly poor, and hardly deserved 
the name of plumbago, and I doubt if any much richer was over taken from 
this locality. A specimen sent to mo by the Deputy Commissioner was as poor 
as those 1 picked up. 

Gold . — When examining these schists, the Sohna Lumbadar told mo that 
after every rains small quantities of gold were extracted from the >sand, mud, &c., 
of the little water-courses at the bottom of the hill. I questioned the Chunuirs of 
the town, who told mo that it was true that they made a few rupees every year in 
this way, and that the heavier the rains, the larger the amount of gold. Last 
year, for instance (1877), as the rains were so slight, they did not get any, or did 
not think it worth while looking for. 

The only rocks exposed in the gully arc the quartzites and the schists. As 
it is not probable that the gold would bo washed out of the hard quartzites, it 
must, I presume, come from the schists. 

Kaolin . — The kaolin mines are situated at Kussoompur, and a short distance 
to south, in the Delhi hills, a few miles north of the Kutub Minar. There is only 
one mine now worked, and that, unfortunately, had not yet been opened for the 
season, so that I could only judge from surface appearances. 

There are few small pits sunk in a hollow entirely surrounded by quartzites. 
The stuff brought out of the pits resembles, in every particular, comi)oncnts 
of the numerous granite dykes in the Arvali series, only the felspar in this case 
is decomposed. The plates of mica and crystals of quartz are mixed up with 
the kaolin in exactly the same way as they are with the white felspar in the 
granite veins. 

This decomposed rock is thrown into water, when the mica and qutirtz are 
separated from the kaolin, and the latter made into small cakes and used for 
white-washing purposes, and as fire-clay. 

Another kaolin mine occurs at Buchara, near the Lota river, in the Ulwar 
hills. There are numerous granitic veins near, and of course this kaolin is 
the result of the decomposition of the granite. 

Oamets . — The Arvali schists frequently contain innumerable garnets, but it 
is not often that they are of sufficient size to be worth picking up. There are, 
however, extensive workings for them at Sarwar, 20 miles south-east of N^usseera- 
bad, at Bajmahal in Jeypore, and at Maga in Oodeypore. 

The Sarwar workings consist of a number of pits sunk in a narrow belt of 
mica schists, in which numerous granitic intrusions occur. The whole length 
(upwards of a mile) of the outcrop of the schists is burrowed in search of the 
garnets. Those 1 saw from the mine were of good colour and size, but badly 
cut. 
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The workings ai and Maga are not quite so extensive ; hut they 

occur on the same geological horizon and were conducted in the same manner. 

All of these workings are now abandoned. 

Rock crystal , — Rock crystals were formerly obtained from some small pits 
sunk in the quartzites at Aurangpur, about 15 miles south of Delhi. The pits 
are now abandoned and fallen together, but the small ciystals of quartz spread 
about round the pit are very numerous. Probably the rock crystal was obtained 
from some quartz vein running through the quartzites. 

Marble , — Marble is of frequent occurrence among the Arvali rocks, and is 
extensively quarried in several places. It is generally white, but coloured marbles 
are occasionally met with, as at Kho and Baldeogarh, and black marble is found 
in the Motidongri ridge in Ulwar. 

The most extensive quarries are those of Makrana, situate on the western 
edge of the Arvali range in Jodhporo. The marble forms a long ridge running 
nearly north and south. It is nearly vertical and regularly bedded ; and some 
of the beds being upwards of 2 feet in thickness, large blocks can be obtained. 
The quarries are confined to about 20 feet of the section, but extend in length 
for several hundred yards. 

Marble is also extensively quarried at Jheri, in Ulwar, and Raialo, in Jeypore. 

A coarse kind of marble is quarried at Sarangwa, about 6 miles west of 
Desuri, on the western side of the Arvali range, in Oodeypore. 

Steatite , — The steatite or soap-stone of which the models of the Taj and 
other ornamental carvings arc made at Delhi and Agra is, I believe, quarried 
in the ridge at Mora Bhand^ri, about 12 miles north-west of Hindaun, in 
Jeypore. 


Further notes on the correlation op the GondwXna Flora with that op 
THE Australian Coal-rearinq system, by Ottokar Feistmantel, M.D., 
JPalceontologist, Geological Survey of India, 

In my Talchir-Karharbari flora* I had an opportunity to point to the 
greater resemblance of this flora to that in the Bacchus-marsh beds in Victoria, 
than to that of the New-castle beds, from the great abundance of the genus 
Gcungama^teriB in both, and I quoted a passage from a letter of Mr. G. S. 
Wilkinson, Government Geologist, to the late Rev. W. B. Clarke, which the 
latter had sent me for perusal, and from which it was apparent that Mr. Wilkin- 
son assigned to our coal flora i higher position than that of the New-castle 
b^ and lower coal-measure flora. In my notes to Mr. Clarke, which he published 
in his Remarks on the sedimentary formations of Kew South Wales,”* I assigned 


» Pal. Ind.. XII— 1, p. 81, 1879. 

* Sydney, 1878> 4th option, pp. 163—164. 
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to the Bacchiis-marsh sandstones a position which would bring them on about 
the horizon of the Hawkesbury beds in Now South Wales. This scorned natural, as 
the Bacchus-marsh sandstones are considered as Lower Mesozoic, ^ and the Hawkes- 
bury beds overlying the upper coal-measures or Ncw-castle beds were treated of 
by the late Rev. W. B. Clarke under the heading ** Mesozoic or secondaiy 
formations.”® 

I have since received several communications from Mr. C. S. Wilkinson on 
his observations of certain physical phenomena in the Hawkesbury beds, which 
would tend further to correlate these beds with the Bacchus-marsh sandstones, 
in which similar phenomena were observed. As Mr. Wilkinson has lately 
published these observations in a paper in the Journal of the Royal Society of 
New South Wales (December 1879), and has favoured me with a copy of the 
same accompanied by a letter, in which again reference is made to the Hawkes- 
bury beds, I may, besides from this paper, quote also from his previous letters. 

In a letter dated 30th September 1878, Mr. Wilkinson wrote thus : — I have 
noticed certain deposits in the Hawkesbury scries, apparently due to ice action^ 
which would seem to confirm your view as to the correlation of that senes and 
the Bacchus-marsh beds (in which Daintree has described the occurrence of 
gls-cial deposits) with your Talcliirs. Yet it is strange that in the Hawkesbury 
beds we have not found the Oanga'tno^teris, which is so abundant in the 
Bacchus-marsh and Talchir series.” 

The absence of Qangamoptorls would in this case be no objection against a 
correlation of the Bacchus-marsh beds and Hawkesbury beds, because the cor- 
relation of the Indian Talchirs with the Ekka beds in South Africa and with the 
Permian Breccia in England is also based upon these similar physical phenomena 
only. 

In a subsequent letter dated 2r)th October 1879, Mr. Wilkinson wrote again 
thus: — “ Recently in company with Dr. von Haast, F.R.S., of New Zealand, 
I again examined the Hawkesbury beds, and the Doctor quite coincides with the 
views which I mentioned to you in a former letter, that these beds contain many 
icc-borne boulders.” 

In his recent letter dated 20th July of this year, ho again writes with reference 
to the Hawkesbury beds ; — “Tour correlation of the Hawkesbury beds with the 
Bacchus-marsh beds is, I think, correct, yet it is very strange that in the former 
wo do not find the OangoMopteris, This, however, may be due to the fact 
that in Victoria the Oangamopteris has only been found near the ancient margin 
or shore-lino of the formation where the latter junctions with the Silurian, 
whereas our Hawkesbury fossils were obtained from beds many miles from the 
margin of the formation, so that the Oangamopteris may yet be found when 
searched for near the margin.” 

* McCoy ! Prodr. Pal. Victoria, Decade II (Oangamopteris). Brough Smyth : Report of Pro- 
gress, etc., 1874, p. 84. 

* Mines and Mineral Statistics, etc., 1875, p. 181 et seg* 
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From his published note (Z. c.) the following passages may be quoted 
(pages 2 and 3*). — ^‘Had the boulders of soft shale been deposited in their present 
position by running- water alone, their form would have been rounded instead of 
angular. It would appear that the shale beds must have been, partly disturbed 
by some such agency as that of moving ice, the displaced fragments of shale 
becoming commingled with the sand, and rolled pebbles carried along by the 
currents. 

From their lithological character, the Hawkesbuty rocks appear to have 
been formed in a comparatively shallow sea which was subject to rapid and 

changing currents it is on the rocks near the ancient shore line that 

we should more especially expect to find ice-grooved pebbles, but none have yet 
been discovered. 

“ I may here remark that the sandstones and conglomerates {Oangamoj[}terie 
beds) of Bacchus-marsh, in Victoria, have been correlated by Dr. Feistmantel 
with the Hawkesbury series of New South Wales. Some years ago I assisted 
the late Mr. Richard Daintree in making a geological survey of the district in 
which these conglomerates occur, and both Mr. Daintree and Mr. A. R. 0. 
Solwyn, F.R.S., then Government Geologists, in their published reports have 
expressed their belief that glacial transport had been concerned in the deposition 
of these rocks.” 

From all these notes it appears evident that there are in the Bacchus-marsh 
beds and the Hawkesbury rocks certain physical phenomena by which these 
two formations may be correlated ; and in the 4th edition of his Remarks on the 
sedimentary formations, &c.,2 Mr. Clarke again treats of the Hawkesbury beds 
under the heading of “ Mesozoic or secondary formation and in another place 
(Z. c., p. 155, Appendix XVIII) as supracarboniforous. As regards their geologi- 
cal position, it may bo mentioned that they overlie the “upper coal-measures” 
or “Now-castle beds” which represent the close of the palmozoic rocks in 
Australia. 

This correlation of the Bacchus-marsh beds and Hawkesbury rocks is of no 
small importance with regard to our Indian coal flora ; for, as mentioned before, 
the Talchir-Karharbari beds show the closest relation to the Bacchus-marsh 
beds, not only from a paleontological point of view (predominance of Oanga- 
mopteris), but further also from the phenomenon of “ice-bome” boulders in the 
Talchir and the Bacchus-marsh beds ; and consequently the Hawkesbuiy beds 
would have to be placed also on tlie same horizon. This would have the 
necessai^y consequence that the flora of the Damuda series and that of the 
Australian ooahbeds would differ in range, thc^former being above the Talohirs, 
Ihe latter helm the Hawkesbuiy beds. The case might be Ulnstrated thus (also 
including the South African fq|mations) 

^ This rdfm to the pages of the abstract, the volume of the Journal of the fioyal Society, 
N.8. W, (Vol. XIII, 1879) in which this note is published not being yet at Imnd. 

’ Sydney, 1878, p. 70. 
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Upper marine beds. 

Low er coal -m eii su res . 
[Glossopifiriftf first ap- 

peartinee,)' 

Lower marine beds. 
Uovoiiian. 


This list docs not need any further comment. It would appear that the 
unconformity and break, which exists in Africa, India, and Victona, Mwceii 
the Ekka beds, Talchir beds, and . Bacchufl-marsh beds i-espootively and their 
underlying rocks, is in Now South Wales filled in between the Uawkesbury 
rocks and the Devonian beds by the series of the Australian coal-beanng beds, 
if this surmise be correct, then an older ago, than carboniferous, for the 
Vindhyans of India, would be an almost necessary consequence. 


Note on Eeh or Alkali Soils and Saline Well waters, hy W. Center, M.B., 
Ghemiaal Examiner, Punjab) Government. 

A reference was made to this office by Government regarding the treatment 
of reh or saline soils by chemical manures. My predecessor. Dr. Brown, had 
^^nn a renort regarding the use of nitrate of hme as a remedy, and a ^py of 
this was for. It could not bo found in the records of the oftice, but I after- 
fon.a ttot it b.4 1»» puMi-M » «» Sdectio.. from ^ 

Office of the Financial Commissioner, and the gist of it was emboied 8 

iLk on Punjab Products. As I had made numerous analyses of such efflor^- 
cences and studied their connection with saline weU waters, samples of which I 
Zi aiialysed from all parts of the Punjab, and as I had an opportunity of obse^- 
ing and learning something of siimlar soils known as alkali soils in the Utah 



254 


Becoyds of the Geological Survey of India. 


[voL. XIII. 


Basin and otlier parts of America, and of tho methods used to reclaim them, I 
heg to submit a few notes on my observations. I am indebted to Captain Ottley, 
of tho Irrigation Department, and Mr. Miller, Secretary to tho Financial Com- 
missioner, for access to tho literature on the subject in the form of reports to 
Government. I propose considering more especially the chemistry of the pro- 
duction of those salts and the conditions of their accumulation in soils and in the 
underground water, — points intimately connected with each other, and equally 
important in the agricultural and sanitary aspects. Tho efflorescences consist 
chiefly of sodium chloride and sulphate in varying proportions. In addition 
there is sometimes carbonate of soda, and I have usually found some magnesian 
sulphate. In certain localil ios the last-named salt is in very considerable propoi’- 
tion. In other cases nitrate of lime or alkali is present. 

2. Various theories have been started regarding the origin of these efflores- 

M 'no thcor conces, the oldest being probably the marine theory. 

According to this the Indo-Gangetic depression was con- 
sidered to be an old sea bed, the soil of which became impregnated with salts 
from the existence of shallow “ rans ” and lagoons in a former geological ago. 
In favour of this it might be mentioned that there is certain geological evidence 
that an Eocene sea covered the Punjab plain, its shore coinciding with some 
])art of tho outer slope of the Himalaya, with a gulf or gulfs penetrating tho 
mountains as far as ilio valley of the Upper Indus. On tho other hand, to the 
east of Kumaun and to the north of the Gangetic valley, Gio situation of this 
shore line is obscured till the Assam region is reached. The theory of recent 
marine impregnation is now entirely to be abandoned. It is pi’oved beyond 
doubt that the w'hole of tho materials of the Indo-Gangetic basin are fresh water 
alluvia to an unknown depth, and consist in fact of the debris of the Himalayas 
carried down by its drainage and deposited in this immense depression. There 
arc no deep natural sections in which to observe the structure, but in tho Umballa 
boring of 701 feet, the Calcutta boring of 481 feet, and that near Eajanpur of 464 
feet, nothing but fresh-water alluvia were met. We do not speak here of the Salt 
Range region, in which are accumulations of salt as old as the Silurian period. 

3. Tho true origin of rch or alkali efflorescence is the decomposition of the 

_ . . 1 ! V elements of rocks and soils which is continually going on 

under the action of air and water. The accumulation of 
the resulting salts in superfleial soils or in subsoil waters depends on various con- 
ditions of .chemical constitutions and permeability of soils, and on the nature of 
the surface and subsoil drainage, which will be considered in detail. 

4. If the rain water that runs offl the surface of the hills be examined, it is 
Decomposition in hill loutid to have washed out appreciable amounts of soluble 

r^ons. salts, chiefly carbonate of lime and alkaline chloride and 

sulphate. If such water runs^^^ofi crystalline or schistose rocks, the amount of 
salts washed out may be extremely small,— even 2 grains per gallon, as at 
Dalhdnsie. If it runs off a loose decomposing rock the quantity may be consider- 
able,— for example, 8 grains near Murree. The rainfall that percolates the debris 
of the decomposed rock which covers the surface of the hill-sides and fills up the 
channels of ravines issues in springs at lower levels, and is found to contain 


Time origin of reh. 
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much greater proportions of the same salts. This water not only comes in con- 
tact with a larger quantity of degraded rock and washes out its soluble salts, 
but it takes up more carbonic acid from the air in the pores of the ground, which 
is rich in this gas, and this dissolves more lime and magnesian carbonate. From 
10 to 25 grains per gallon are. found in springs in clean soils in various hill 
stations. In the hill stations themselves, whore the porous subsoil becomes 
loaded with sewage impurity from human habitation, the dissolved salts and 
organic impurity may be very great. For example, in the bazar well at Murreo 
I found 36 grains per gallon in which were 12 grains of common salt. This last 
is, however, a sanitary fact, and I wish at present to speak gcnemlly of the saline 
ingredients washed out of such soils not contaminated by human occupation. 

5. The soluble substances produced by rock decomposition and dissolved by 
water are remarkably uniform in their nature, though varying in amouTits, botli 
relative and total, according to the nature of the decomposing rock or soil. Jt 
may be generally stated that the earth water shows a fugitive acidity from the 
presence of free carbonic acid and a slight permanent alkalinity from tlio pi’o 
sence of alkaline carbonate, but that the main ingredients arc carbonates of alka- 
line earths, chiefly of lime, and alkaline chlorides and sulphates, chiefly of soda. 
Other ingredients are generally in smaller amount, such as lime and magnesian 
chloiides or sulphates forming the permanent hardness, also silica, traces of iron, 
&c. Of course in special formations it may be highly cliarged with peculiar 
salts, and may even form what are called mineral springs ; but we arc speaking 
generally of the body of water that filters from the hill-sides, and either sinks 
into the underground strata of the plains or finds its way into the streams and 
rivers, and thence into the sea, the great natural reservoir of the soluble salts 
washed out of the earth. The waters of the Punjab rivers which I have 
examined, the Ravi, Jhelum, and Indus, contain 8 to 15 grains per gallon, vary- 
ing according to the floods. The amount of soluble salt capable of efflorescence 
varies from about 2 to 4-a- gvains. The river waters are most concentrated 
when they are at the lowest. At that time they are supplied by the water that 
has filtered through the soil and subsoil of the higher regions, and has thus taken 
up more salts. In the hot weather, when the gladal water comes down, and in 
the rain floods at the end of the hot season, the dilution is at its highest. Other 
glacial rivers and those subject to annual floods show the same thing. For 
example, the total solids in Nile water vary from 9| to 14| grains per gallon. 

6. To explain the ultimate origin of these salts we have to consider the action 
Ultimate origin of reli of the oxygen and carbonic acid in rain water on the rock 

salts. elements. With the exception of the limestone strata, 

which consist of carbonate of lime, often with carbonate of magnesia, all great 
rock formations are composed of silica and silicates, chiefly of alumina, lime, 
magnesia, soda, and potash, with smaller amounts of iron and other metals. Such 
is the constitution of the granites, gneisses, slates, traps, &c. The old sedimen-* 
tary rocks are similar in composition, being formed by the disintegration of these. 
The recent alluvia of the plains consist of finely-divided debris of the limestone 
and silicioiiB groups, and in them the chemical decomposition going on under the 
influence of air and water is much intensified, owing to the state of fine division 
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which favours chemical action, and because the constituents of the soil are 
further advanced in the path of degmdation. 

7. In order to understand the slow chemistry going on in the ground, we 
Origin of carbonate of have to conceive the outer shell of the earth generally 
Inne alkaline carbonate. covered with more or less vcgehible mould, and permeated 
to its greatest known depth by meteoric water. There is no rock, however com- 
pact, and there is no depth to which man has penetrated, in which water is not 
found to have permeated by pores, cracks, or fissures. The great agent of change 
is the carbonic acid of the air. This is dissolved in rain water, which also dis- 
solves more from the decaying vegetable mould and from the air in the pores of 
the ground, which is rich in this gjis. It has two great functions. It attacks 
the silicates of the alkalis and lime, forming carbonates. It further dissolves the 
carbonate of lime, enabling it to bo transported by water and to be redeposited 
on eva])oration. From the limestone rocks the water takes up carbonate of 
lime and magnesia, which dissolve in its free carbonic acid, and in such forma- 
tions it becomes very hard. The amount of carbonate of magnesia dissolved is 
always much less than that of lime. In the silicious rocks the felspathic family 
of minerals decomposes most readily. These consist of silicates of alumina and 
alkali, with generally small quantities of lime and magnesia. The white or soda 
felspar, which contains more soda than potash, is a common ingredient of the 
Himalayan rocks, and the decomposition of this in soils may possibly to some 
extent account for the very great excess of soda over potash salts. The chief 
reason, however, depends on the fact which has been experimentally verified, that 
in a silicate containing both potash and soda the latter is dissolved out with 
greater facility and in much larger quantity than the former. The process of 
decomposition consists in removal of the alkali by the action of carbonic acid, 
while water is taken up, leaving hydrous silicate of alumina or clay. The pre- 
sence of alkaline water also assists in promoting the breaking up by dissolving 
some silica. Another group, the lime silicates, is also readily decomposed by the 
action of carbonic acid or alkaline carbonate, and forms an additional source of 
carbonate of lime. On the other hand, the talcose rocks, which contain magne- 
sian silicate, are hardly attacked at all. This magnesian metamorphosis of 
rock, which is very extensive and very ancient, is also the most permanent, and 
apparently a final one. We have thus accounted for the alkaline carbonate 
and carbonate of lime. The earth water is almost always slightly alkaline, 
and this plays a most important part in the decomposition of the silicious 
rocks and their metamorphosis. The alkaline carbonate rarely, however, appears 
in large amount^ because it partly expends itself in decomposing silicate of 
lime, thus forming carbonate of lime, and if free carbonic acid is present, this 
will be dissolved and carried away by the water. If magnesian or lime sulphate 
be present, the carbonate of sq^ with these will produce lime or magnesian 
cartonate ; while sulphate of soda will be found in the solution. It thus happens 
that^the waters of the rivers contain apparently* no alkaline carbonate, but show 
a permanent neutral re-action. All the river waters, in addition to carbonate of 
lime, which is their chief ingredient, contain also lime and magnesian sulphates 
which there has not beon enough alkaline carbonate to decompose. 
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8. The circulation of tb© sulphur that occurs in the earth is very interesting. 

. That which forms the sulphates in the earth- water ap- 

ngino Bupia s. pears to he derived from the sulphurets, especially of 
iron, which are so universally dijffused in rocks, and from the gypsum rooks, 
which, however, form an insignificant portion of the straia. The sulphate of 
lime being moderately soluble may be readily taken up by water. The sul- 
phurets become oxidised by the oxygen in air or water, leaving red iron oxide, 
which gives the yellow or red colour to soils and clays ; while the sulphuric acid 
attacks the silicates and unites with soda or lime. In the strata of the earth arc 
found deposits of sulphates of lime, but these appear to have been deposited from 
solution by infiltration, or by evaporation, as in the Salt Range. Their ultimate 
origin is probably the same as that just indicated. The presence of sulphate 
of lime in soils leads to the production of sulphate of soda. The former salt is 
slightly soluble, and as the earth-water contains alkaline carbonate, mutual 
decomposition leads to the formation of carbonate of lime and sulphate of soda. 
This partly accounts for the excessive proportions of sulphate of soda often 
found in reh. The sulphates may be again reduced to sulphides by organic 
matter from the vegetable mould or other sources, which accounts for the presence 
of sulphuretted hydrogen in dirty well waters rich in sulphates. 

9. As regards the chlorine of the alkaline chlorides, there is more difficulty. 

Chlorine is not an important chemical constituent of any 
Origin o o on es. common minemls forming rocks, but tliere is no rock 
that on being powdered and washed with distilled water does not show its pre- 
sence. The only explanation known of its appearance lies in the fact that, 
though generally in minute quantities, it is the most universally diffused sub- 
stance we know. Even in air a chemically clean platinum wire cannot bo 
exposed for some time without showing the sodium line in the spectroscope duo 
to sodium chloride which can be extracted from the air dust. 

10. There is next to be considered the chemistry going on in the decomposi- 

Formatiou of salts in of the debris of the rocks forming the plain. It is 

tho plains. in a more finely-divided state, and is therefore in a con- 

dition more favourable for chemical action, and besides the constituents are in a 
further advanced state of decomposition than in the fresh rocks. The action 
that has been described is therefore intensified. It has been proved by experi- 
ment that it is from the most finely-divided clay (felspathic) particles of soils 
that most of the soluble substances can be extracted. These particles are so 
extremely fine that under tho microscope they are seen only as minute dots. 
The other small particles which are of measurable dimensions are silicious, and 
yield to acids only a slight amount of soluble matter. 

11. There are three points to be considered,*— the action that takes place on 
the surface, that which takes place in the strata peimeated by the underground 
water, and also the relations between the two. 

12. On the sur&ee undoubtedly the greatest amount of decomposition goes on 

Snxtwse production of united action of air, moisture, heat, and light* 

salts. This produces the perennial supply of soluble salt neces- 

sary for the growth of plants, and in cultivation it is assisted by turning up and 
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pulverising the soil and acting on it by water. In countries with good surface 
and underground drainage there is a constant escape of these salts, and the 
difficulty may bo how to get enough of them. In many parts of our plains 
circumstances favour their accumulation, and the question is how to get rid of the 
excess. I have frequently taken samples of soil and subsoil from places where 
there were efflorescences and where there were none, and on washing out the 
soluble substances with boiled distilled water found that they were similar, but 
different in amounts. They always consisted chiefly of alkaline chloride and 
sulphate, with often small quantities of alkaline carbonate, and frequently larger 
amounts of soluble magnesian salt, sulphate or chloride. Another experiment 
was to take a sample of reh soil and wash it repeatedly till no trace of soluble 
salts could be found. It was then dried and thoroughly mixed and a portion 
tested again to see that no soluble salt was present. It was then placed on a 
filter and covered with porous filter paper so as to exclude dust, but allow 
evaporation, and the bottom of the glass filter was corked. It was frequently 
watered with distilled water charged with carbonic acid and exposed to the 
heat and light of the sun in the hot weather for yearly three months. At the 
end of that time it showed no efflorescence, but on being washed with distilled 
water the solution showed the presence of considerable quantities of alkaline 
chlorides and sulphates. This experiment proved that in that species of soil 
a sensible production of reh salt may take place in a few months. A similar 
sample irrigated with ordinaiy well water rapidly developed an efflorescence 
owing to the presence of salts in the water. There is nothing particularly novel 
in these results. Experiments have often been made of grinding down the solid 
rock from the debris of which the adjoining country was formed. On washing 
out the powdered rock the solutions were found to contain the salts of the water 
of the district ; indeed it is always possible td account for the composition and 
proportions of the ingredients in a water draining any area if the structure and 
composition of the rocks are known. 

13. To estimate approximately the decomposability of a soil, the simplest 

A roximato estimate ^ weigh a sample and wash out from 

of decomposition in soils ; it the soluble salt already present. On drying and weigh- 
tbe Lysimeter. ing residue and deducting its weight from the original 

there will be found the soluble salt (along with some organic matter). This is 
the result of decomposition already accomplished. The solution may be tested in 
the usual way, by evaporation to find the total dissolved matter, and by ignition 
to. find organic matter. The washed residue of earth is then ignited to expel all 
remaining organic matter, and treated with hydrochloric acid, which will decom- 
pose and dissolve the materials which arc in an easily decomposable state. The 
solution will contain lime, magnesia, alumina, and iron, and also the alkaline bases 
capable of efflorescing. On deducting the undissolved residue from the former, 
a figure will be found, which will be an approximate index of the facility of 
decqm^Osition of the soil. The hydrochloric acid solution can be examined in 
the usual way if required by first precipitating the iron, alumina, and phosphates 
of the alkaline earths, then the lime, and afterwards separating the magnesian 
and alkaline bases. The last will show the salt capable of efflorescing. A more 
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correct way is to perform an experiment similar to what I have described before 
with the glass funnel. A zinc box is made open at the top and closed at tho 
bottom, with a false bottom of perforated zinc half way down. Tho section is 
usually 1 square foot. Earth is placed above tho perforated zinc, and tho whole is 
exposed to the varying conditions of the season and climate, as rainfall, heat, 
moisture, &c. All water that falls sinks through the perforated bottom, and is 
collected or evaporates. After some months or a season tho solution in tho 
bottom of tho box and the earth are examined in the usual way to find tho 
results of decomposition. Such an instrument is called a Lysimeter, and has the 
advantage of demonstrating the changes that take i)lacc, not by the action of 
acids, but by the ordinary operations of nature. 

14 Another source of generation and accumulation of these salts takes place 
irndorground produc- strata moistened by tho underground water. This 

tion of salts, is partly derived from percolation of rainfall from the 

surface where it is sufficiently porous. In its passage downwards it washes out 
any soluble salts it meets and carries them down till it roaches tho impermeable 
stratum. In tho second place the air contained in tho vegetable mould and 
porous ground is rich in carbonic acid, and this is absorbed by the water and 
enables it to dissolve more lime and magnesian carbonate, which accounts for 
the much greater hardness of subsoil waters. In the third plaeo tho alkaline 
water charged with carbonic acid not only promotes tho decomj)Osition of the 
strata through which it filters, but by a constant soakage action on that which it 
moistens produces still more. Tho amount produced would bo in a great mea- 
sure proportional to the time the water remains in contact with tho stratum. In 
stagnant underground waters in the middle of the plains, as at Chunga Manga 
and Wanradaram, the dissolved salts amount to 400 grains per gallon. Another 
feeder of the underground water is the percolation of hill water that sinks into 
the porous fringe at the base of the hills. This, however, affects particularly 
the plain near the base of the hills. The solution formed from the debris on the 
hillside is much less saline than that from the finely-divided and more degraded 
materials of tho plain. The hill percolation therefore affects the underground 
water near the hills in two ways. It raises its level by hydrostatic pressure and 
it makes it less saline by dilution. There is still another source of underground 
waters in the percolation from rivers, streams, and canals. The neighbourhood 
of rivers affects the water-level, and very sensibly influences the quality of tho 
subsoil water. Analyses of waters taken from wells near them show that they 
closely approximate to the river waters, being little more than those filtered. 
For example, the well water near the Bavi was found to contain from 8 to 
15 grains per gallon, that near the Jumna 9'8 to 14 grains. Advantage is now 
being taken of this in supplying water from such wells to some large cities in the 
Punjab. The influence on the quality of the subsoil water, however, only exists 
in ihe khadar land, or low river vaUey. In the bhangar, or bar land, the 
upland that lies between neighbouring rivers, even at short distances from the 
v^ley, the water may be highly saline. In the case of canals, as far as my ob* 
servation goes, there is very little percolation in the districts I have seen irrigated 
by the Bari Doab Canal, on account both of the impermeability of the soil and 
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the disposition of the strata. If, however, a canal were made on a natural line 
of drainage, as I have heard the Western Jumna Canal is, it might influence the 
adjoining ground in the way I have mentioned in the case of rivers, both as to 
the water-level and quality of percolating water. 

15. When rain water sinks into a soil containing soluble salts, it dissolves them 

Nature of reli and its carries them down till it reaches an impermeable 

varieties. stratum. Mcdlicott has pointed out the action of the first 

rain drops in carrying efflorescent salts down, so as to be in a great measure out 
of the reach of the surface scour of the succeeding rainfall. If the soil is porous, 
it may gravitate down to the water stratum, which then becomes a reservoir of 
the surface salts. If it is only slightly porous, as in alluvial soils containing 
much clay, the soakage is only superficial to one or more feet in depth, and gene- 
rally in such cases the surface soil is more or less porous from atmospherii? 
exposure, and below it lies a more compact clay subsoil. As rain water contains 
free carbonic acid, it dissolves also carbonate of lime and magnesia if these bo 
present in the soil. When evaporation succeeds, it draws up the moisture in the 
more porous surface soil by capillary action. As the water and carbonic acid 
pass ofE, the solution becomes more concentrated and carbonate of lime is rc- 
deposited. This last action takes place first, and as the concentrated solution is 
drawn up to the surface, it finally deposits its most soluble salts on drying as au 
efflorescence on the surface. An essential condition is the dryness of the climate*. 
In more temperate, but dry regions, as in the Utah Basin and the elevated parks 
or plateaus of the rocky mountains, efflorescences appear as well as in the scorch- 
ing plains of India. The action, however, is intensified by heat, which increases 
evaporation. By similar capillary action the moisture will creep up the sides of 
objects lying on the ground, such as pieces , of brick, and deposit a copious 
efflorescence. At first it appears in glittering crystals, but as the sodium sul- 
phate gradually loses its water of crystallization, it breaks up into a copious white 
powder of anhydrous salt, and it is then that it is most apparent. The carbonate 
of soda behaves similarly, but the sodium chloride does not, having no water of 
crystallization. Nitrate of soda and lime deliquesce in damp air. During the 
hot months, the salts, if brought up by rain, melt in their water of crystallization. 
By the word efflorescence we do not mean hero what is known as such in chemi- 
cal language, that is, the breaking up of a crystallized salt into a powder from 
loss of water of crystallization. What is meant is efflorescence in the physical 
sense, or the appearance on the surface of the ground of soluble salts brought up 
by capillary evaporation. It is true that sulphate and carbonate of soda effloresce 
in the chetnical sense, but chlorides and nitrates do not. 

16. From what has been explained regarding the origin of the salts dissolved 
out of the earth, it can be understood how the solutions can naturally be divided 
into two groups, whether they 4(e river and canal waters, or well waters, or solu- 
tions formed . when rain water soaks a saline soil. There are first the neutral 
solutions from which carbonate of soda has almost or entirely disappeared, hav- 
ing been used up in decomposing any soluble lime or magnesian sulphate or 
chloride and precipitating their carbonates. To this belong the river and canal 
waters, the chief ingredient of which is carbonate of lime with ""less amounts of 
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tua^iiGsiixu carbonate held in solution by free carbonic acid. There is present 
probably next in amount soluble salt of limo and iiiagiiesia, sul])hato or chloride— 
tile magnesia in smaller amount. The alkaline chloride, tliough the most con- 
stant ingredient in all waters, is in small amount, from ^ grain to 2 grains, anti 
the alkaline sulphate in about equal or larger quantity. In the majority of well 
watoi’S in the plains in my experience there is high permanent Iiardriess, indicat- 
ing lime or magnesian sulphate or chloride, and sodium carbonato is deficient. 
The total dissolved salts is in fresh well waters about double iliat in rivers and 
canals, and may rise in saline wells from 10 to 40 limes the amounts, the 
increase being chiefly in carbonate of limo and alkaline chlorides and sulphates. ' 
The second group of waters or solutions is that containing earbonato of soda. In 
these there is generally little permanent hardness, or soluble lime or magnesiau 
salt. If those two groups on evaporating produce effl(n-cscencc, in the lirst we 
may have sodium chloride and sulphate, and any magnesian sulpJiate, if present ; 
in the second wc may have sodium carbonate with sodium sulphate and chloride, 
but no lime or magnesian salt. During the process of drying, which leads to tho 
efflorescence, the first thing that occurs is the deposition of lime and magnesian 
carbonate, as the free carbonic acid disappears. Subsequently, sulidiate of lime 
being only little soluble would deposit, and the highly soluble salts, including 
sodium carbonato, chloride and sulphate, magnesium and calcium chloride and 
nitrate and magnesium sulphate, would be capable of efflorescence. These salts, 
however, are not deposited as they exist in solution, as now laws come into play. 
Tho chief of these is, that during evaporation tho least soluble salt that can be 
formed is firat deposited ; but this is modified by two other laws, tho tendency of 
certain compounds to form double salts, and the tendency of substances Avith tho 
same crystalline form to crystallize out together. The effloresfsoTices thus produced 
consist of three groups ; the neutral, containing no carbonate of soda, consist 
chiefly of sodium chloride and sulphate, and frequently magnesium sulphate ; 2ncl, 
tho alkaline, containing carbonate of soda and alkaline chlorides and sulphates, 
but no lime or magnesian salt ; 3rd, the nitrous efflorescences. These generally 
contain no alkaline carbonate, and consists chiefly of nitrate of limo and alkaline 
chlorides. Others contain alkaline nitrate, chloride, and sulphate. They arc 
developed where the soil has become loaded with organic nitrogenous matter. 
In several places about Lahore there is a good deal of magnesian sulphate, and 1 
have observed on twigs of farash trees a saline coating of this salt. Ileh is thus 
not a special salt or mixture of salts, but a very variable compound. It is really 
the most easily solute salt in the earth- water, remaining in solution after tho 
deposition of caa'bonate of lime, &c., on evaporation. Tho ingredients and their 
ipelative proportions are found to vary in diffex’ent places, exactly as tho well 
Waters at different spots differ in saline contents, and in the same area there is a 

* Though we speak usually of individual salts existing in a solution, this is not^ strictly speak- 
ing, scientifically correct. If, for example, sodium chloride and lime sulphate be made into a 
Bolntion, it will really contain quantities also of sodium sulphate and lime chloride, and the 
amounts of the four sdts will depend on the masses of tho first two, temperature, concentration, 
Properly speaking, in recording an analysis, the total amount of acids and bases should bo 
separately recorded. By a couvcutioual rule, however, it is customary to arrange the salts hypo- 
thetically. 
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close relation between the two. The relative proportion of common salt to 
sodium sulphate was found by Mcdlicott to vary from 4 to 24 per cent. 

17. The re-deposit of carbonate of lime gives rise to those nodules known as 
kankar. It takes place at the upper margin of tho im- 
permeable subsoil. They are not formed by the lime 

depositing round a nucleus and pushing the other elements of the soil aside. A 
])ortion of rather porous soil, consisting of a mixture of lime, sand, and clay, is 
infiltrated with water retained in it by an impermeable bottom. Tho carbonate 
of lime is deposited throughout this porous mass, and cements its particles toge- 
tdier till it becomes of a stony hardness. Dej)osit no doubt also takes place along 
tho outer surface, as each former minute crystal deposited acts as a nucleus for 
further deposit. Tho fonnation is often seen in an incomplete state, nodules of 
soil having become only partially hardened. The process is essentially one of 
segregation from the soil ii-self. Such nodular formations, which are very com- 
mon with other minerals, as iron oxide, silica, ifec., arc an example of the simplest 
kind of metamorphosis going on in rocks and soils. It is not necessarily con- 
nected with efflorescences on the surface. The essential condition of its existence 
is tho presence of carbonate of lime, or its ready production by ordinary decom- 
position in the soil. In soils and sub-soils which supply little lime there may be 
effloroscciicos without formation of kankar, as in those consisting of clay and 
silicious sand. On the other hand, in marly soils, in which there may be little 
production of alkaline salt, kankar may form without any efflorescence. The 
analysis of kankar very well illustrates their mode of formation. They show 
from 20 to 50 per cent, of carbonate of lime, the rest consisting of the mixture of 
clay and sand of which tho soil is composed. 

18. To estimate practically tho amount of injurious rch in any soil, it should 
Estimation of reli in be washed with boiled distilled water and the solution 

soils and water, evaporated, then burned to expel organic matter and 

finally weighed. In the case of the waters of rivers, canals, and wells, they 
should be evaporated, ignited, re-carbonated, and weighed. The easily soluble 
salts should then be washed out with a little distilled water and the residue 
weighed. The portion undissolved consists of limo and magnesian carbonates 
and some sulphato of lime with small amounts of silica, &c. The difference 
between the two weights is the amount of salt capable of efflorescing. If one 
have a record of the analysis of any water, a rough approximation is got by 
deducting from the total solids the volatile matter (almost all organic), also the 
removable hardness consisting of carbonate of lime. In addition two grains per 
gallon of carbonate of lime should be further deducted, as in boiling (in order 
to remove carbonate of lime), two grains per gallon still remain dissolved. A still 
further deduction would require to ho made for silica, iron, &c., but these are in 
small amount. I mention thfie methods of approximate estimation because they 
ai^ ^adily applied and are useful for all practical purposes. 

19. In considering the conditions that lead to accumulation of salts on the 
Causes of aconmti)a<* surface or in the underground water, it is to be borne in 

tion of salts. mind that soils exposed to moisture, air, and heat are 

continually generating them, and that in some in which the felspathic elements 
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fire iindergoinpf rapid decay the production may be profuse. Also all water, 
river, canal, or undergi'ouiul, that has washed over or filtered through the 
ground, contains similar salts and promotes their fiii'ther production. 

20. The simplest case of accumulation is that of Ji closed basin like the Utah 

. , . V . Basin. The surface water washing the salts off the 

Accumulation m basins. ” 

ground has no escape to the st‘a, and forms an inland salt 

lake. The soil in such cases is very saline, except in places where there is slope 
to allow thorough surface washing by rainfall, or permeability to allow the sur- 
face salt to be washed down to a deep ground water. In the centre of the 
depression both the surface and sub-soil and the sub-soil water are loaded with 
salt. The efflorescences in U tab closely resemble those in the Punjab, the main 
common ingredients being sulphate of soda, common salt, and often sulphate of 
magnesia. In some places there is a large amount of carbonate of soda, in 
others borax is present. In the Caspian Basin the main ingredients arc sulphate 
of soda and common salt. The very opposite case is a hilly or undulating country 
with sufficient rainfall and good natural surface drainage, the strata of which are 
also inclined, thus allowing of natural sub-soil drainage till the underground 
water finds an outlet at the outcrops of the strata^ or where they arc laid open by 
natural sections of tlie country. Here the salts continually formed are either 
washed off the surface or arc carried down to the sub-soil water which drains 
them off. 

21. In examining the state of things in the Indo-Gangetic plain, it is ncccs- 

. , . sary to consider the structure of the country. The 

Accumulation in plains. ,,.1 . . i* , ^ , 

Himalayan axes stretching along the north of the plain 

are elevated cores of granitic gneiss flanked by metamoi-phic and limestone rocks. 
To the south of this is the Siwalik- fringe with its duns, consisting of clays, sand- 
stones, and conglomerates. These are fresh-water deposits formed by river and 
torrent action in the tertiaj'y period, and having suffered displacement by the Hima- 
layan elevation, they are seen to pass with great undulations .and numerous frac- 
tures under the strata of the plain. This formation conducts w^ater under the 
X)lain. There succeeds to this the recent gravel deposits from the outer hills, 
brought down by river and torrent action, similar to that which caused the 
Upper Siwaliks, and known as the Bhabar. This is extremely porous, and a 
great part of the water of the streams passing over it sinks into the ground and 
issues in springs at a lower level in the adjoining part of the plain, which is 
known as the Terai. Part also sinks beneath the plain and raises t}ie ground- 
water level. The great alluvial plain itself is composed of horizontal strata. 
Hear the hills are gravel deposits, but further off the soil and sub-soil to 
an u];iknown depth are composed of deposits of clay, sand, and mixtures 
of the two in various proportions, according to the stream or lake action that 
deposited them. Diffused through these are found mica and small quantities 
of carbonate of lime, which makes soils more or less marly, and iron oxide 
which gives them a yellow or red colour, and minuter amounts of sulphate 
of lime and other salts. From numerous well sections it is seen that these alter- 
nating permeable and impermeable beds of sand and clay arc not continuous, but 
tliat they thin out and are replaced horizontally by others. This is observed oven at 
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nliori distances. Possibly many of the sheets of clay may have more or less of a 
basin form. The important points for us to remark in considering the surface 
and sub-soil drainage are that this immense plain has an average breadth of 
about 200 miles, that practically the Gangetic and Punjab plains are one, the 
water-shed between the tivo being only perceptible by accurate scientific measure- 
ments, and that its length is about 1,200 miles. There are also no deep natural 
sections exposing outcrops of the deep strata so as to allow of escape of under- 
ground w'ater to the sea. In consequence" of the very small surface slope, and 
on account of Ihc horizontal disposition of the strata over such an enormous 
area, the conditions as regards drainage approach to those of a basin. The sur- 
face drainage is weak, but ultimately finds its way by the rivers to the sea, but 
ihe underground drainage is usually imperceptible. 

22. As regards the production of efflorescences, we have further to consider 
that in the Punjab there arc three belts of plain. That adjoining the hills, the 
sub-montane tract, lias a plentiful rainfall jind raoister air ; south of this is a 
sub-desert tract with small rainfall, and still further south is the desert country 
with deficient rainfall. In the sub-montane beU the rainfall is sufficient to scour 
the surface, and as it is more permeable from the presence of gravel and sand, 
and has greater slojJC, the surface and subsoil drainage arc more efficient. In 
the other two tracts the working of these agencies is defective. In the hills 
themselves the annual rainfall of a scries of years is as follows : Murree, 66*8 
inches; Dharmsala, 123*2 inches; Simla, 68*C inches. This does not include 
snowfall however. In tho sub-montane belt wo would have — Eawalpindi, 
32 inches ; Sialkot, 39*3 inches ; Gurdaspur, 33*1 inch ; Hoshiarpur, 3G*5. Of 
the less-watered region there is Lahore, with 19*3 inches ; Shahpur, 14*5 inches ; 
Sirsa, 14*5 inches ; while about Mooltan the rainfall is G*9 and at Dera Ismail 
Khan 8*2. 

23. The simplest case to consider is that which occurs in the more desert 
country, in which the rainfall is only enough to moisten the surface and promote 
decomposition. If the soil is sandy the dissolved salt is carried down to the un- 
derground water and the accumulation takes place there. If the ground is not 
porous, as where clay predominates, only the upper portion is soaked, and on 
drying the soluble salts are brought to the surface. Instances of both these cases 
are found everywhere along the southern portion of the Punjab plain. In the 
middle portion of the plain, where the rainfall may go up to 20 inches, similar 
actions take place. The first drops of rainfall dissolve any efflorescence and 
sink into the ground, carrying it out of the reach of surface scour, which on 
account of the fiatness of the plains and small rainfall is slight. In the more 
porous portions the salt is carried down to the underground water; in tho 
more impermeable it is brought to the surface by evaporation. It thus happens 
that in certain places there ii a scum of efflorescence on the surface, while 
generally the ground water is saline. These remarks apply to the Doab or 
Bhaogar land, the more elevated part of the plain lying betwen adjacent rivers. 
In thi& the water lies at a considerable depth, from 30 to 100 or more feet, and is 
more or less saline ; in many places on digging deeper to another stratum fresher 
water is found. In the other great plains of the earth where tho climate is dry 
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and like conditions of soil prevail, similar efflorescences arc developed. In tlic 
dry pampas of Sontli America tlicy consist cliiofly of sodium sulpliate with some 
common salt; in the Siberian steppes, of sulphate of magnesia along with 
sulphate of soda and common salt. They arc likewise found in the Russian 
steppes and the Tibetan plateaus. 

24. The Khadar, or low-lying river valley, cut out by recent erosion from the 
old alluvial plain, usuall}'^ shows little or no saline accumulation on tlie surface 
and none in the underground water. Here the circumstances are all different. 
In fact the river occupies the line of natural drainage of the country, and its 
deposits are parallel to the line of slope. Accordingly, the water percolating 
from the river forms a subterranean stream, gravitating down the river-course 
and accompanying the main stream. Its extent depends on the permeability 
and arrangement of the strata and the resistance of the porous beds along which 
it moves. In the beds of dry nullahs this gravitating water may be met on 
digging in the dry channels. If the underground water were stagnant, remain- 
ing long in soakage contact with the water-bed, it would become more or Jess 
saline, whereas it is found to resemble the river water filtered, though of course 
it has taken up some ingredients from the earth, chiefly more carbonate of lime. 
In two cases in which 1 examined tho water in beds of dry nullahs, I found it 
much less saline than that of the surrounding plain. In the Khadar land the 
water lies near the surface, and may be within the roach of capillary evapora- 
tion, which would produce efflorescences, as it often docs to some extent. lint 
in consequence of tho occasional washing by floods, and of tho underground 
circulation I have described, there is no permanent accumulation cither on the 
surface or in the ground-water. 

26. One of the most interesting and important cases is that in which the 
AcoTiuiBlation by ova- grormi water lies clrae to the Bnrf^e within the reach 
poration from n Bliallow of capillary evaporation, thus furnishing an unlimited 
water table. supply of efflorescence. The enquiry made by the 

Aligarh Committee chiefly referred to this instance. It was considered that tho 
ground-water level had been raised by percolation from tho canal, assisted by 
hydrostatic pressure, in consequence of the canal being above the level of the 
country. Other causes assigned for the rise were the obstruction to surface 
drainage by canal and railway embankments acting as bunds, and the practice 
of profuse irrigation in flooding. All these would lead to an increased body of 
water sinking into tho ground, cariying earth salts in solution to be again 
brought up by capillaiy evaporation from the shallow water table. It is very 
important to be able to estimate how much is due to each of those agencies, as on 
the decision of this point would depend the remedial measures to be applied, 
such as the lowering the level of the canals, their realignment on the high Bhan- 
gar land instead of on the lower ground, the restriction of profuse irrigation, the 
relieving of the surface drainage, and the establishment of artifleial sub-soil 
drainage. 1 am unable to enter into the merits of these most interesting points 
because I have never had an opportunity of making observations on an area 
where this mode of generation of rah was going on to a serious extent. The 
only portions of country I have seen in which the ground- water lies very near 
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tlie surface are the plains adjoining the hills and the Khadar lands or river 
valleys. In the former the rainfall is more plentiful, the slope of the surface and 
deep strata are better, there is more moisture in the air, and therefore less eva- 
poration. All these tend to pi*event accumulation of salt below and efflorescence 
above. In the latter the washing of the surface by the floods and better subter- 
ranean drainage may account for the want of accumulation. In the parts of the 
Bari Doab Canal which I have seen, the ground- water lies at a depth that is 
totally out of the range of capillary action, and the strata consisting of’ alternat- 
ing clays and sands are so impenetrable that percolation can have little effect on 
the water level. Captain Ottley informs me that on the Bari Doab and Upper 
Sutlej Inundation Canals the curves of the rise and fall of the well waters 
markedly follow those of the rainfall and do not appear to be affected by irriga- 
tion. I did not find any marked difference in the water levels of the wells near 
and at a distance from the canal about Lahore. A still better proof was that the 
salinity of the wells was not altered by proximity to the canal. If percolation to 
any extent existed, the wells close to the canal ought to be fresher than those at 
a distance. In the part of Lahore occupied by the railway station and barracks 
the ground- water is salt. At the end of the hot weather I found that a well a 
few yards from the canal contained as much salt as others far off. After the 
rains the same well waters were found to bo so diluted as to contain less than 
one-half of the former amounts. The depth from which capillary evaporation 
can take place is also a question that ought to bo investigated by observation 
and experiment. Much of course depends on the porosity of the soil, but in the 
most favourable cases one would fancy, from the known laws of capillary force, 
that the action would only bo through a few feet, unless assisted by hydrostatic 
pressure. At the village of Baoli, on the Western Jumna Canal, where the 
reh action is very pronounced, the depth from the surface of the ground to the 
water table (as shown by measurements of an unused well) is 8 feet. It is said 
that before the Western Jumna Canal was re-opened in 1819, the water in wells 
about the part lay at a depth of 60 to 70 cubits, and this tradition appears to be 
confirmed by inspection of the records of other wells which had been sunk to as 
much as 116 feet, and in which now there are 62 feet of water. On the banks 
of water-courses and canals about Lahore in salt soils one often observes two 
lines of efflorescence, one a few feet above the water level at the upper limit of 
capillary soakage, and another some distance from the surface, at the base of the 
surface percolation. As regards the rise in the well water levels said to be 
caused by canals, it would be necessary to have accurate information as to what 
those levels were before the canals were made. Probably no accurate record was 
made before the earlier canals were started, as attention was not directed to the 
point; 

26* There arc last to be notio^jj, some other modes of distribution and aocu* 
Other modes of acca- mulation of alkali salts. Irrigation by flooding and 
mulafltm. allowing the water to diy on the soil, unless it is very 

permeable, of necessity leads to pi'oduction of salt. Kot only does the irrigate 
ing water contain salt which it deposits as an efflorescence, but it also promotes 
further decomposition in the soil. The amount of reh in ordinary canal water 
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might be from 2 to C grains per gallon. If well water is used, the accumulation 
is much greater, because it contains much more salt. In places where the water 
is sweet, the reh may be about 6 to 15 grains per gallon ; where it is salt, it may 
amount to more than 200 grains per gtillon, as at vai'icms places on the Railway 
Line between Lahore and Mooltan. An exti*aordinary instance is mentioned 
in the Aligjirh Report of a reh soil tried by the most energetic measures with- 
out efFect. An analysis of this soil would probably have ]n*ovcd that the ele- 
ments of the soil itself were in such a state of docom])osition that most of the 
measures employed assisted the process. Again, wattn* running off a saline 
field must necessarily dissolve a portion of its salt, and if it. be allowed to run 
into another and dry, that salt will be deposited. The agency of wind apjicais 
to be a slight and very variable one. There is no doubt that wind blowing over 
a saline country and raising dust transports saline particles. Travellers over the 
alkali plateaus of the Rocky Mountains arc familiar wdth the irritation caused 
to the eyes by this mode of transport. All those, however, are of secoiuhiry 
importance. The main poiiits lo hear in mind are, that there are sevci*al factors 
causing production and accumulation, and others leading to the i*cmoval of 
(larth salts. Of the former there is first the soil itself. This is always generat- 
ing them, and in certain cases its materials so readily undergo decomposition 
that perhaps even artificial means may fail to cure the evil. The next chief 

factor is the water used in irrigation. This always contains rob salts, the 

river and canal water in small amount, but the well watijr often in enormous 
(piantities. In addition, the irrigation water may not only deposit its salt in the 
soil, but it causes further production in the soil itself. Another cause is the 
special condition in which the subsoil water lies within the reach of capillaiy 
action from the surface, which may give rise to an inexhaustible sujiply. The 
factors concerned in the removal are, first, permeability of the soil, wliicli may 
allow the salts to be washed down to the underground water. If this have a 
ready outlet, they are removed ; if not, there will he a saline ground water • but 
the surface may show no accumulation if the water table is deep. If, howevei* 
the ground- water is a very short distance from the surface, there may be a pro- 
fuse efflorescence under the usual conditions of dryness of the atmosphere and beat. 
The second cause of removal is copious rainfall. If the rainfall is copious, it may 
wash away part of the salts, and this is one of the reasons that in rainy regions 
alkali is rare. If it is slight and only moistens the soil without scouring it, there 
will be a continuous production and accumulation on the surface, pxcept when 
the soil is porous and allows it to he carried down to the ground-water. The 
third means of removal is by vegetation, which annually takes up its necessary 
portion of salts and assimilates them. It is frequently observed that in culti- 
vated spots the reh is kept under, while the uncultivated ground around may bo 
covered with it. In connection with this, it is to be remarked that for land plants 
potash salts are necessary, but it is doubted whether soda salts are essential, ex- 
cept in the case of Salsolas, &o., which grow in soda soils. This may have some- 
thing to say to the barrenness of our soda reh soils. Another factor to be noticed 
is the effect of shade produced by vegetation, which prevents the excessive evapo- 
ration which brings the salt to the surface. It thus remains more diffused 
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tlirougli the moisture in tlio soil. Lastly, plants also induce capillaiy currenta 
towards themselves. The absorbing parts are the rootlets and myriads of hairs 
suiTounding each. These, by the act of absorption, sot up capillary currents in 
the moisture of the soil towards themselves, which compete with capillary eva- 
poration at the surface and tend to the diffusion of the moisture and its salts 
through tlic soil as far as the roots extend. It is to be noted that if a soil re- 
main damp, so that the salts are diffused through it, they may do no harm. It 
is their concentration as a scum on the surface that poisons crops. The moisture 
round the rootlets forms a solution so saline that the osmose currents by which 
the plants are nourished arc interfered with and they pci’ish. 

27. A very important point materially affecting the question of the euro 
of rch, is how far reclamation or non-development may be due to diffusion 
of the salt in the soil. In rainy and damp portions of the plains similar in 
conditions of subsoil drainage to reli-strickcn tracts, we find no efflorescence. 
How far is this duo to surface washing and how far to diffusion ? From three 
experiments made this year, it was found that the rain waters coming off the 
surface of reh-ground contained a perceptible quantity of the salts, l^everthe- 
less the great fact of occlusion by means of the first soakage portion of the 
rainfall was proved by the occurrence of a copious efflorescence on the drying 
of the washed soil. If the rainfall were very copious, would it succeed in wash- 
ing off excess of salt ? This question might be settled by analysis of the total 
quantities of soluble salt in soils of the rainy and dry tracts of the plains, 
within the range of surface soakage. As it would bo impossible to select two 
spots precisely similar in conditions of subsoil drainage and constitution of soil* 
it is evident that no conclusion would be of value except from a great number of 
experiments. 

28. Speaking broadly, the development of efflorescences occurs in India, 
chiefly in a well-marked meteorological area, including the Punjab, except at the 
base of the hills, similarly the upper part of the North-Western Provinces, 
and also Sinde and Rajputana. This region is characterised by small rainfall, 
dryness of the air, and excessive solar heat, each of these as shown contribute 
to the concentration of salt on the surface. On the other hand, in similar 
parts of the Indo-Gangetic plain, where there is more copious rainfall, this of 
itself by keeping the soil moister causes diffusion of any salt present through 
the soil. Again, the sheet of air which covers the ground contains moi« 
moisture and acts in two ways in preventing surface concentration* It dimi* 
nishes the effect of solar heat, because, as Tyndall has shown, the invisible 
vapour of water absorbs a great deal of the heat, thus preventing damp regions* 
such os Lower Bengal, from reaching such high temperatures as the dry regions 
of Upper India, even though the latter ai’e of .higher latitude. In addition, there 
is more cloud in the damp regions which also abstracts solar radiation, whereas 
in Upper India the sky is cloudMs most of the year. Again, the presence of a 
moister sheet of air over the ground abstiucts evaporation, which takes place 
in proportion to the dryness of the air. It is very desirable that a series of 
experiments should be made regarding the total salts occluded in the drier and 
moister parts of the plains within the ranges of surface soakage and evaporation. 
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29. As regards tbe effect of reclamation, further experiments are also required, 
in order to show how much is due to removal or diffusion of the salts. I esti- 
mated the total salt in reclaimed soil and in adjoining reh-ground to the depth 
of 3 feet at two places near Lahore. Equal columns of earth wore taken up 
by boring with a tube. The result was negative, as in one case the reclaimed 
soil contained a little less salt than the adjoining reh-ground, and in the others 
rather more than a third less. No conclusion of any value can be drawn except 
from a largo number of estimates, the variables affecting each case being also 
taken into account. 

30. The state of porosity of the soil has also a great deal to do with the 
appearance of the efflorescence. Nothing is apparently more capricious than the 
way it shows itself in one spot of a field and not in another. This may be 
partly due to difference of constitution of the elements of the soil, but there is 
no doubt that another cause must be the facility of capillary evaporation due to 
the variable mixtures of sand and clay of which these alluvial soils are composed. 
This also suggests a question that might be of importance, as to how far reh 
soils could be improved by additions of sand or clay so as to affect their capillary 
action. 


31. I conclude this paper with some practical remarks regarding the methods 

„ ^ of dealing with saline efflorescence agriculturally ; but 

Methods of cure. t -i x i j x- xi 

these I wish to be considered suggestive more than any 

thing else, as I cannot protend to any experience in that line. When visiting Utah 
I was very much struck on finding that the saline efflorescences of that basin 
were similar in nature to those I had seen and studied in India. I made en- 
quiries into the ideas current on the subject and the methods of reclaiming the 
soils. Brigham Young’s notions of natural philosophy were both extremely 
simple and at the same time shrewd, as would be expected from an uneducated, 
but practical and successful man. He said : “ There is salt in every thing. Water 
has salt, plants ha salt, and earth has salt ; and the Bible tells us that if the 
earth have lost its salt it is useless. A certain quantity of salt is necessary for 
vegetation ; in our country we have too much of it, and wo get rid of part of 
it,” He referred me to Mr. Woodruff, who was Secretary to tho Agricultural 
By sluicing and irri- Society, and to some of the best farmers, to see what was 
gation. done. The plans adopted were the following: A salt 

field was ploughed and small runlets of fresh water were sent down the field, 
at short distances apart, washing tho soil and running off into the drainage of 
the country. Another method was to plough up a field and make a terrace 
round it and then flood it. The water was allowed to soak for some time till it 
had dissolved the salt and was then run off. Another plan was to terrace a 
ploughed field and dig a deep trench round it* The field was flooded, and the 
unploughed subsoil being less permeable, the water holding the salt in solution 
filtered into the trench. I observed similar processes carried out on the salt 
marshes round the Bay of San Francisco. This is gradually silting up, and 
surrounding it are miles of low flats impregnated with sea salt and growing 
only saline plants. Through these pass shallow delta channels, scoured by the 
rise and fall of the tide. To reclaim this soil, low earth embankments are raised 
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round the farms. These are fitted with flood-gates closed by the rise of the tide 
and opening on its fall. The salt in the soil is washed out by the fresh water of 
the streams falling into the bay by a process of sluicing such as I have described, 
and is run olT as the tide falls. In the depression between the coast range and 
the second range of hills artesian wells can be made, . and these were used 
where none of the mountain streams were available. An English Company 
was working on a salt mar.sh by the aid of artesian water only ; but it was 
generally considered tliat it would not be a success, as the amount of artesian 
water was after all only trifling compared with the area to bo reclaimed. The 
universal opinion in Utah was, that if they once succeeded in covering an 
alkali field with a crop of any kind, the victory was won. After the land was 
half cured, they generally covered it with a hardy grass, the most approved 
being red- to]) American grass. Beetroot was also said to gi’ow well as an early 
crop ; after that Indian-corn, and other crops by degrees. Tuberous crops grow 
Uy luaiiurc uud culti- ^vell in the country, and the potatoes are said to be the 
'^fl^*** best in the world. The last method I shall mention was 

that employed by Brother Fenton, an energetic Devonshire farmer. It happened 
to be impossible for him to get fresh water to wash the salt out of his fields, 
and he tried large quantities of manure — ^20 to 50 tons per acre. Bam-yard 
manure was considered the best, and as his great object was to keep the 
surface from the sun, which drew up the salt, he also used litter to cover it. 
The first crops he covered the ground with were the red-top grass and oats, 
and he sowed his crops in September, so that the ground should be covered 
with vegetation when the alkali would be appearing. As soon as by this 
means ho got his first crop of red Timothy grass, he found he had suc- 
ceeded. Mr. Fenton compLained that after pai*tly curing one field he ruined 
it by trenching and bringing up a saline subsoil. His idea was that the 
salt was a sort of perspiration of the earth, and, therefore, mostly on the 
surface, and that by turning up the subsoil ho would get a better soil. 
In India it is certainly the case that a short distance below the surface less 
reh is found. Jt may be different in a closed basin like that of Utah, where 
the subsoil also may become saturated with salt. Utah city is partly situ- 
ated on a bench at the base of the Wasatch hills adjoining the plain, and at 
first the farms surrounding it were made on the ground that was not saline. 
About one-fourth of the land under cultivation was salt, and three-fourths of 
this had been cured by sheer cultivation, much in the way I have described in 
the case of Mr. Fenton’s farm. For the other fourth, sluicing and irrigation had 
been available. The cultivation of saline soils is also carried out in other settle- 
ments. In most old-settled countries, and especially in India, agriculturists are 
very conservative in following the practices of their forefathers. In America, 
where the population is conjj^osed of emigrants from all countries, every man 
brings the methods used in his own, and all sorts of trials are made and the 
fittest' survives. These are made in a new country under new circumstances, 
and people are not bound by traditional customs, but are anxious to try what- 
ever succeeds in the hands of others, and also moke experiments according to 
their own ideas. These may be crude, but still a vast- number of experiments 
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are made, — not isolated ones by a Government, but everywhere generally by the 
people themselves— and anything that is successful is hailed as a discovery. 
Some of the methods I have described as used in America may not always bo 
practicable in the plains of India. To run off the saline water requires a slope 
and lines of natural drainage that may not be available. It might be possible to 
run off the salt-impregnated water into absorption wells, thus returning the salt 
to its natural destination, the underground water. It is a law t liat a well null 
absorb as much water without raising its level as it would give out without sen- 

^ sihly lowering it. This means hns been used in some 

By nTboriculturc. i. i- t ■ i i i . 

. cases to get nd of liquid sewage, but was found to poison 

the wells. The plantation of trees is also proved to bo a very efiicient means of 
cure. I'lie kikar is well known as capable of flourishing in sneh soils. They 
not- oidy assist in moderating excessive evaporation by shade, hut tliey also ab- 
sorb and remove a certain amount of salt from the soil. As tlu‘ alkali exists 
chiefly in the surface soil and in much less amount at a small do])t.h, t.rot's may 
grow readily w'here annual crops could not. I'he latter Jiave their rootli'ds only 
in the surface soil, and ai‘e poisoned by the excess of salt ; while the roots of inn^s 
extend deeper into less saline ground ; also plants not ordy consume a portion 
of the salt, but they prevent its cuucentratiou outlie surface. A most couclusivo 
experiment made near the Western Jumna Canal by the Imgation Department 
is reported by Colonel Fult-on. A piece of utterly useless r(*lj land, for which 
revenue was remitted, was taken uj) by the Department and planted with kikar 
trees. These flourished and a very fine crop of doab grass, 2 foc*t high, camo 
annually up under the trees, and the cfllorescenco disnppcaied. Tlic villagers, 
seeing that Ihe land was improved and fearing it would be alienated by the new 
settlement, applied for ihe restoration of both trees and laud, and carried their 
point in the courts of law. A fe\v days after the restoration the w^ood was sold 
to a wood mei’chant and every tree cut down. At present tin* doab grass is all 
gone, and the soil is encrusted with salt. Such an cx])oriinont made among 
American farmers would have excited the keenest interest and given rise to 
numerous trials of the same. 

32. The method of cure by nitrate of lime as a manure, suggestad by 
Dr. Brown, would act in two ways. It would partly 
Chemical manure. serve as a manure favouring vegetation, and in addition 
it would act on the alkaline and magnesian sulphate by double decomposition, 
producing nitrate of alkali and sulphate of lime, which last is a slightly soluble 
salt which is not hurtful to vegetation and would not form an efflorescence. 
Carbonate of soda would he similarly neutralised, but the sodium chloride would 
remain unaltered. The natives are well acquainted with this use of nitrous 
efflorescence, which can be distinguished from the sulphate of soda by its moist- 
ness due to deliquescence and by the brown colour and by not efflorescing in fine 
powder. It consists mainly of common salt and nitrates of lime and soda. 
This productio^ of nitrate is due to the decomposition of nitrogenous animal or 
vegetable matter, first producing ammonia, which is afterwards oxidised to nitric 
acid. An essential condition of the nitrification process is the presence of 
alkaline carbonate, or carbonate of Ume, to fix the nitric acid. For example, 


Chemical manure. 
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ordinary dung heaps may produce plentiful supplies of ammonia, but no nitric 
acid. Indeed, nitric acid, if present, is changed by the reducing action of the 
decomposing organic matter to ammonia. If wood ashes containing carbonate 
of potash or lime be mixed with the heap, the acid becomes fixed. Artificial 
nitre beds, called nitrleres, or nitre plantations, were first introduced by the 
chemists of France to supply nitre for gunpowder during the wars of the 
Revolution, when the ports of Franco were blockaded by the English and 
imports prevented. Animal manure is mixed with carbonate of lime and wood 
ashes and frequently watered with urine, which produces much ammonia. This 
is cultivated for two or three years. In tropical countries the production of 
nitrates is more plentiful and rapid. A manure of a valuable quality could 
probably be made by municipalities or by the zamindars themselves by 
mixing pounded kankar, or even marly soil, with manure and moistening it 
frequently during one or two hot seasons. If it were moistened with liquid 
sewage, which would tend to produce more ammonia, the production would 
be increased. This artificial production is an exact imitation of what takes 
place naturally in soils in which nitre is produced. In the Punjab nitrates 
eifioresce near villages where the soil becomes impregnated with animal sewage, 
which Undergoes nitrification in presence of the carbonate of lime and alkaline 
carbonate in the soil. The most plentiful supply is in the soil on the mounds 
that indicate the sites of old villages. This is the main source of the manufac- 
ture of saltpetre in the Punjab. Similarly, near buffalo ponds and watering- 
places for cattle, where dung is trodden into the soil, nitrates effloresce and arc 
swept up by' the zamindars as manure. A similar process no doubt takes place 
when a field is well manured with animal refuse. The conditions of the produc- 
tion of nitrate of lime in the soil are present, and this may account to some 
extent for the reclamation of alkali soils by manuring alone. For this purpose 
animal manures would be far superior to vegetable. In plants there is com- 
paratively little nitrogenous matter, which alone can generate nitrates or ammonia. 
In Utah a favourite manure is the refuse of slaughter-houses, which would be 
capable of supplying large amounts of ammonia and nitrates. 

33. As regards the uses to which the alkali efflorescence might be put, 

, sulphate of soda can easily be separated by evaporation 

Uses of reh. * . . , x 

and forms a useful purgative. It might be possible to 

utilize those more rich in alkaline sulphate for the manufacture of carbonate of 
soda for glass or soap work. The average mixture of sodium chloride and 
sodium sulphate resembles the product of the first step of manufacture of this 
carbonate, which is done by the addition of sulphuric acid to common salt. By 
evaporation the sulphate which crystallizes out first in saturated solutions made 
from efflorescence containing excess of sulphate, can be freed from most of the 
common salt, and this would resemble the salt cake. The materials for the fur- 
ther redaction, charcoal and lime, would be readily available, the latter from the 
kankar beds* Certain Isoils contain carbonate, of soda in such quantities that it 
can readily be separated by the crystallization process. At one time an enquiry 
was made as to whether the nitre manufacturers defrauded the revenue to any 
extent by diaposing of the alimentary salt left in tbe refuse saltpetre earth after 
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extracting the nitre. Samples have from time to time been forwarded to this 
office, and these wore found to contain from 35 to 70 per cent, of common salt. 
It would certainly he possible and not very difficult to obtain a rather impure 
alimentary salt by rough crystallization processes, not only fi-om the saltpetre earth, 
hut also from suitable kinds of reh. 


Tue Reh Soils op Upper India, % H. B. Medlicott, M.A., Geohgicat 

Survey of hidia, 

t^or some time I have intended to jmblish in the Survey Records a notice 
of the saline efilorescence known as reh, w^hich has been, and will continue 
indefinitely to be, a subject of the gravest concern to those interested in the wel-' 
fare of North-Western India. The preceding paper, contributed by Mr. Center, 
removes the only grounds of hesitation in the matter — as to the adequate 
illustration of the chemical aspects of the case. The facts of this nature already 
ascertained by myself and others from the area affected wei*e, indeed, sufficient to 
establish the case before a jury of experts, and it would have been easy to adduce 
further illustration from analogous conditions elsewhere ; but the men who have 
to deal with the matter practically are very much the reverse of experts, scarcely 
even believers, and it is of the greatest importance that the most tangible part 
of the evidence, the hard facts verifiable by the balance, should Ije set before 
them from the very ground which they have to treat. Tliis has been done in a 
very satisfactory manner by Mr. Center. It only remains for me to supple- 
ment his paper regarding some points which it touches on but slightly. The 
question is truly a geological one, as embracing all the conditions of a complex 
operation now at work in producing a change in the whole region affected. 
This has been the difficulty throughout — to induce an apprehension of the 
situation : that the evil to be encountered is not a fixed obstruction of assignable 
dimensions and position, but the present active ann-y of natural causes bent upon 
fulfilling the effects due to conditions that have supervened. In such a case our 
best efforts may be no more than palliative, unless indirectly, by modifying those 
conditions, we can mitigate the action of the prime causes. 

2. From times far earlier than the date of British occupation, there have been 
large patches of reh-affected ground in various parts of the Upper Provinces. 
They are known as usar (sterile) and kalar (saline) land. As the contention 
sustained in this and the preceding paper is, that this salt (as such) was not an 
original constituent of the deposits in which it now occurs, it would be interesting 
to find any mention of the usar lands in remote records of those districts ; but it 
is not at all unlikely that some of them may be of very ancient origin, from the 
historical point of view. What has recently (within the last 30 years) brought 
the subject into such prominence was the rapid local extension of reh efflm^cence 
in connection with the great irrigation canals that have been constructed in Upper 
India. Shortly after my arrival at Roorkee (Eurki), then the head-quarters of 
irrigation, I was consulted about this plague of salts ; not, indeed, as a geologist, 
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})ut because I dabbled in chemistry. Samples of soils, sub-soils^ and waters were 
sent for examination. The rough results of this work and of such field observations 
as I could make in the neighbourhood (which was not a rch district) were brought 
together in a paper for the Asiatic Society, London (Journal, Vol- XX, p. 32G, 
18G3). This paper and a number of official reports on the same subject were 
})ubli8hed as Xo. XLII (18G4) of the Selections from the Records of the Govern- 
ment of India in the Public Works Department, as “ correspondence relating 
the deterioration of lands from the presence in the soil of reh.” Many other 
Icsttcrs and reports, such as that of the Aligarh Committee in 1878, have from 
time to time been printed for departmental circulation ; but the above is the only 
information that T know of as available for general reference. 

3. So early as 1850, in reply to some questions with samples for analysis* 
Dr. O’Shaughnossy had supplied facts from which an understanding of the whole 
<5ase might have been evolved : that the canal water is remarkably pure, altliough 
containing an appreciable amount of the reh salts ; that the sub-soils of reh land 
are remarkably free from salts ; that the reh is accumulated in the surface soil ; 
and he pointed out that a free use of canal water, with efficient drainage, would 
certainly cure the evil (Z. c., p. 3G). No suggestion was, however, made as to 
how the rch came there : so on this score full play was left for fancy to suit 
the bias of the speculator. Accordingly, the final decision passed upon these 
facts by the Board of Revenue is recorded as follows (1. c., p. 8) : — “ There is, 
then, positive scientific evidence that the canal water is perfectly pure, and the 
idea, though it has been started more than once, cannot be entertained for a 
moment that the salts are deposited by the water used in irrigation. When 
rch appears, it must be that it has previously existed in the soil. For in no 
lands is the efflorescence of ixli so extensive or so rank as in those largo spaces 
so common in all the villages of Panoeput and Soonput, where the plough has 
never been driven ; where seed has never been cast ; and which, under the name 
of hulluT (answering to the oosur of the midland districts), were excluded from 
the malgoozaree area, for the express reason that they were barren, or, in otlier 
words, had too much saline matter in their soil to admit of their being cultivated.” 
This judgment gives a fair illustration of a mischief that too often occurs in India ; 
as must happen where the higher administration is in the hands of men who 
have grown into it, after a long training in a narrow but very real school of 
virtual omnipotence, resulting in impenetrable self-confidence; and who con- 
sequently neyer hesitate to undertake and pass decisions upon matters where they 
are quite unqualified to hold an opinion. 

4. Finding that in this matter the local fancy was without rational bounds, 
and the bias strong in a false direction, I sot myself (in the paper referred to) 
to trace the source of the reh ; I pointed out (Z. c., p. 40) how the supposition 
of any store of reh in the ground^ was untenable, except of course when reh- water 
had lodged in the upper water table ; I proved a case (Z. c., p. 43) in which a 
reh soil had been produced by accumulation from a source no more abundant 
than the canal water ; 1 stated my conviction (Z. c., p. 45) that the old usanr or 
kulaT lands were only special areas of inefficient drainage, lands more or less 
dependent on evaporation for the removal of surface waters ; that, in fact, the 
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whole plienomeiion of reh was superficial, due to the inefficient circulation of tlio 
atmospheric waters under extreme climatal conditions. 

5. The foregoing brief remarks must suffice as a historical summary of the 
reh question. We may now, j)crliaps, assume that the rational explanation of 
the situation is accepted, or must become so ; and proceed to foim an estimate of 
its conditions. My remarks here also must be condensed, referring only to 
the leading features ; a fuller discussion of some particulars was given in my 
reports to the Aligarh Committee of 1878. 

G. I'lie only points to which I need take exception in the views set forth in 
the preceding pa}}cr, are those from which it might be inferred that the state of 
tilings so much to be deplored — no less, in fact, than the steadily-advancing con- 
version of the choicest lands of India into a howling wilderness, such as now 
obtains over the once luxuriant Mesopotamia — that this is inevitable from natuiul 
causes. I have pointed out these weak points to Mr. Center, and ho has permitted 
me to explain them, rather than undertake to do it himself : — It is correctly stated 
tJiat under certain conditions of surface configuration, of ground structure, and 
of climate, the local accumulation of saline deposits must take place ; the instances 
given are the great land-locked basins of central North America and Asia. 
The first condition may be ignored, as it is immaterial whether the surplus 
waters are concentrated in a local basin or added to the briny deep. 

7. The second condition is important. In several passages of paras. 14,21, 
and 24 of Mr. Center’s paper, the strata forming the plains are described as 
horizontal, so that the conditions of drainage approach those of a basin, tho 
underground drainage being usually imperceptible. These features of the bhangar 
land are contrasted (para. 24) with those of tho khddar land, where ** the river 
occupies the line of natural drainage of tho country, and its deposits arc parallel 
to the line of slope,” underground drainage taking place freely ; and this, although 
the khadar valley is truly described as cut out by recent erosion from tho old 
alluvial plain. The small apparent contradiction here is easily explained : tho 
ground surface in the khadar is almost always of very recent sandy deposits, 
the surface of actual erosion being confined to the present river channel ; but 
there is a real and greater misconception which •it is needful to insist upon. 
It is not questioned that the plains themselves are river deposits; their 
surface, too, lies appreciably parallel to that of tho actual river beds throughout ; 
so it is not intelligible how the lie, or the composition of the strata, can be sup- 
posed so different from those of the actual rivers. In tho process of land 
formation by rivers, of which the plains of India afford such a striking example, 
there docs occur partially the production of local basins. From the diluvial zone, 
where the torrents are discharged from the mountains, to the more exclusively 
alluvial region of tho delta, a partial sorting process takes place in the river 
deposits. The coarser materials, which in the former position are boulders 
and gravel, and in the latter fine sand, become thrown down wherever the velo- 
city is checked and along tho margin of overflow, thus forming the banks between 
which the river flows, whether in a single channel or through several distribu. 
tarios, often at a higher level than adjoining ground separating the channels. 
Those intra-fluvial areas become for tho time swamps or temporary lakes in 
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which some deposition of finer sediments occurs more or less in basin fashion ; 
but they principally become filled up by the invasion of the river to find a lower 
level ; when, at least on the line of the new channels, there must be consider- 
able removal and ultimate replacement of any fitier sediments. In this way it 
seems probable that in the growth of the river plains, it is rare for any largo 
area to escape being traversed by a channel of considerable magnitude, or for 
such areas to be filled up by deposits in which the slope of the river itself is not 
on the whole maintained. The original usar plains may have been such excep- 
tional areas, in which therefore special local obstruction existed to underground 
drainage. It must, indeed, be admitted that the actual subsoil drainage of the 
plains is usually imperceptible ; but this seems to be directly accounted for by 
what is the head and front of the complaint regarding reh: that owing to 
shallow cultivation, to the sun-baked condition of the surface, and to the absence 
of any considerable tree vegetation, the rainfall can only soak to a small depth, 
the remainder running to waste off the surface, or being taken up again by 
evaporation. For efficient drainage there must be efficient penetration to supply 
it withal : and, deficient percolation of water through the soil and the sub-soil to 
the ground beneath is the condition, in default of which the growth of reh is 
inevitable. It would, of course, bo easy to imagine circumstances more favourable 
to drainage than are those of the gently-sloping alluvial deposiis of these plains ; 
but it seems to me that reh being in part a necessity of the ground structure 
here, cannot be sustained. 

8. There remains the condition of climate, which is the active element of the 
combination. It is represented (para. 15) as being analogous to that of the 
typical cases cited, only intensified by heat. Here, again, I have to admit the 
actuality, but as a charge against nature it is even more untenable than the last. 
There is contrast rather than correspondence between the physical suiTOundings 
of India and those of the typically arid tracts mentioned. In these, aridity is 
indeed more or less inevitable, for the life-giving moisture hardly approaches 
them, being to a great extent abstracted from the air currents before they reach 
these areas. But India is on two sides bounded by a reeking caldron of tropical 
ocean ; and on the third there is a great air-elevator, flanked by a huge con- 
denser, sending back upon her plains almost every drop of the water that had 
previously floated over them, repelled to a very large extent by the accumulated 
heat of the bare and parched ground surface. The endeavour to make these 
returning waters do duty for rainfall must be a very poor substitute for the due 
reception and conservation of them in this form in the first instance. It can 
scarcely be questioned, that left to nature, every foot of our Indian deserts would 
now have been covered with perennial verdure, and that the present desola* 
tion is the result of the devastating proclivities of a worse than savage mankind* 
It may, too, be affirmed that with time the blessings of nature might be restored. 
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Nutk on thl: Nainm Tal Landslip (ISth Sici-TKMitEu 1880), hy 
R. D. Oldham, A.R.S.M., (JeoJoyical Surrey of Lidia. 

On Saturday, the 18th of September, at half past one in the afternoon, after 
more tlian thirty-six hours of lieaA^y continuous rain, a portion of the liill forming 
the north-cast slope of the valley of Naini Tal fell, sweeping aAvay several 
Louses, and causing the death of Europeans and more than 150 Natives. 

Briefly told, the story of the .slip is this : On the morning of the 18th, at ten 
o’clock, a small slip occurred behind the Victoria Hotel, burying part of the build 
iiigs in Mdiich were some Natives and an European child. A party of volunteers 
and a working-party from the depot were soon on the spot, but after a while the 
greater portion of the latter were withdrawn. After rescuing all that there 
seemed any probability were still alive, they found that the house was in danger 
of being washed away by a stream of water, and so turned their attention to the 
diversion of the stream ; and while engaged in this, the great slip came down and 
overwhelmed them. It is possible that the wash of this diverted stream mny 
have directly contributed to bringing down the landslip, but it seems to mo very 
improbable that it had any such effect ; at most it can but have hastened the 
catasti’ophe by a few hours. 

The part of the hill which has fallen extends up to the old Govemment House, 
marked as such on the map. From here the western boundary runs down a Iittl(^ 
to the east of Marshal Cottage and Charlton ; the eastern boundary passes dowoi 
just to the east of the Victoria Hotel. The mass of debris which has fallen from 
the hill extends over the level ground at the head of the lake, as far as the Assem- 
bly Rooms, of w'hich but the southern end remains standing. 

The slip, as it at present stands,, stretches in a long, gentle slope, which, omitting 
irregularities of surface, is not more than 15® up to whore the old Victoria Hotel 
stood; from there it rises in a steep slope of 25° or so, and at the top comes a short 
space nearly vertical. This steep slope is formed by the small slopes of drier debris 
which fell after the great one. The total length of the slip, measured horizontally, 
is about 600 yards, of which over 300 are occupied by the gentle slope, and the 
remainder are more or less steep. 

The hill on the north-east of the lake consists of more or less imperfectly- 
cleaved clay slates, occasionally showing signs of an initial meiamorphism into 
schist, but for the most part a simple clay slate. The dip is very disturbed, and 
varies much in different parts in close proximity to each other ; but the general 
dip is to the south-west. The rock also is traversed by very numerous joint 
planes, which cause it to split up into innumerable fragments under the action 
of the weather. 

Although the whole of the ridge bounding the Naini Tal valley on the north- 
east is practically one as regards its internal structure, yet, superficially, the 
south-east portion is very different from the north-west. Looking from the head 
of the lake, or, still better, from near the old Government House, one cannot fail 
to be struck by the difference of profile ; towards the lower end of the lake the hill 
sweeps down at an oven slope of about 25® from almost the top down to the level 
of the lake, while nearer the spot where the landslip took place there is a peculiar 
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bulged appearance of the hill, wliich makes the slope steeper near the bottom 
than it is higher up, being occasionally, as above the mission premises, as steep 
as 

These two areas can be recognised on the map; the even slope near the 
lower end of the lake is drained by innumerable channels running almost straight 
di)wn the hill, while on the bulged portion the streams are fewer and their 
combes not nearly so directly down the hill. 

The cause of this bulged appearance I take to be as follows : By the action 
of the weather the face of the hill gets covered with a greater or less thickness of 
decomposed rock, which, as already explained, weathers into a mass of small 
fragments. The rain water, which obtains access to the interior of the hill, for the 
most part keeps in this decomposed layer and flows down at a short distance from 
the surface, passing out again lower down in the springs which exist in numbers 
over this hill, and a large part doubtless percolating downwards roaches the lake 
without coming to the surface. The presence of large quantities of water among 
this decomposed rock must, hy making it more mobile, assist in producing that 
jihenomenon which is seen in any mass of debris lying at a slope, whether it bo 
wet or dry, namely, the gi'adual passage of such debris down the slope under the 
influence of gravity ; that some movement of the debris down the slope takes 
place after heavy rains, seems certain, as is shown by cracks appearing in the 
surface of the hill side, the lower side of which subsides slightly. Now on a 
level surface the action of gravity can have no effect in producing any motion, 
while on a slope the force tending to produce such motion varies directly as the 
resultant of the vertical force of gravity acting directly down the slope, that is, it 
varies as the sine of the angle of inclination. Suppose, then, an even slope 
passing near its base into level ground, and that slope covered with debris ; the 
debris slides slowly down the hill, but on the steeper parts of the slope it must do 
BO faster than near the bottom, where the slope is less and there is the resistance 
of the debris lying on the level to be overcome, which can only be done by a vis 
"a tergo, an impulse from behind. The debris coming slowly down from above 
and meeting with this obstacle gradually accumulates till it causes a bulging of 
the slope towards its base, which goes on increasing till the lower part of the 
hill is so steep that, to use a colloquial phrase, it is touch and go’* whether 
the hill can stand or not; then a burst of rain heavier than usual comes, 
the head of water is increased, the force of the water flowing out near the 
bottom is increased, it begins to wash away the debris near the bottom till 
the support being removed from below small slips begin to fall ; then a few 
larger, and Anally comes the great slip, which brings down the outer crust 
of half the hill side, leaving a precipitous border round that part from which it 
has come ; Anally, the great slip is followed by smaller ones, which leave the hill 
with a pretty uniform slope |jom top to bottom for the whole process to begin 
again* Such 1 believe to be the history of one of these landslips where there is 
no stl^eam cutting at the base of the hill ; where that is the case, slips may be 
forsin^d at any time by the cutting away of the foot of the slope. 

the slip under consideie*tion has followed very much the course pointed o^t ; 
the bulging had reached the critical point : all through last rains small slips 
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occuri’cci ; on the 18tli a larger one fell, shortly to be followed by the great land- 
slip, which wj«5 itself followed by one or two minor ones, though tho. process of 
smoothing down tlio slope has not yet been completed. 

-A^pplying this hypothesis to the determination of the question of how much 
of this same i*idge must bo pronounced as unsafe and liable to slippage, we 
must eondemn tho hill side from a line running upwards from the bank-house to 
a similar line running down from a little to west of Fairlight Hall, it being all 
more or less bulged ; of this, that part extending from the old landslip to the 
stream flowing down to the east of the Mission premises must fall in a few more 
yeai's, but, with this exception, a judicious system of revetment of the torreul- 
beds and a complete system of drainage of the cleared sites will do much to 
prolong the existence of the present hill side. 

As regards the slopes below China, there is but little chance of such a slip 
hiking place ; these slopes are the talus of the steep scarp of China, and are 
continually receiving additions from above, and though on them there may bo 
danger from the large boulders which occasionally fall from China, the slopes 
jiass off so gently into tho comparatively level ground at the head of the lake, and 
arc moreover concave rather than convex in profile, that I couvsider the pro- 
bability of any of them forming a large slip to be very small indeed. 

Many interesting points might doubtless bo elicited as to the manner in 
which the mass moved, were there any satisfactory accounts of eye-witnesses; but 
such there are not, and for the same reason that it is almost impossible to get a 
trustworthy account of a great earthquake, — the thing is so sudden and so awful 
that none but trained observers can keep their presence of mind necessary for 
making those exact observations which only can be of any sciontiiic use. 

The only points which can be satisfactorily established are, that the whole 
fall must have been over in less than quarter of a minute, and that the Victoria 
Hotel and licH’s Shop (Hacquet Court) wore carried along some distance before 
they fell ; in the latter case there is proof of the fact, inasmuch as the ruins arc 
now some yards from the spot on which the building originally stood. As the 
ground on which both these buildings stood consisted entirely of debris, locally 
known as * shale, ’ which must have been saturated* wdth w^ater after the heavy 
rains which for thirty hours and more had been pouring into it, it is not surpris- 
ing that when tho wreck of the bill side was precipitated on to it, it should yield 
as a semi-fluid body would do and float the buildings for some little distance 
before the actual slip overtook and overwhelmed them. That the. whole mass 
must have been in a semi-fluid state from the amount of water contained in its 
substance, is shown by the low angle at which it now lies, and by tho fact that 
those who ventured on to the fallen mass immediately after its fall sank up to 
their knees in the slush, as it has been described. 

Doubtless, the point of most scientific interest in connection with tliis land- 
slip is its bearing on the theory of lake formation by landslips. One of the 
principal objections raised to the supposition that the barrier at the outlet of 
Naini Tal,for instance, can be formed by a landslip is, that those slips “ possessed 
of most mobility, from the greater fluidity of their composition, arc in the 



m 


[voL. xiir. 


Rccorda of the Qooloijical Survey of hit fut. 

[irociBO ratio of such fluidity least capable of # # bearing upon their 

surface craggy masses of rock, such as I should term erratics” (supra, p. 1G5). 
The examination of the landslip under consideration disposes of tliis objection ; 
for though most certaiuly such ‘ craggy masses of rock ’ were not born on the 
surface of the semi-liquid mass, yet there were numbers such floated in its sub- 
stance, many of which now show at the surface, several being 9 or 10 feet in length 
exposed ; and I have no hesitation in saying that were this landslip on a larger 
scale — for it must not be forgotten that compared with several others in the 
hills around it is insignificant in size — and left untouched by the hand of man, it 
would, when cut into by rain and streams, show many if not all those features 
which are supposed to bo especially characteristic of a moraine. 

As to the question whether the barrier of the Naini Tal basin is a landslip 
or a moraine, I shall not here enter into its discussion ; this, however, I must say, 
that the profile of the slope to the east of the outlet boars every appeai’ance 
indicative of a large landslip having fallen there. On the hill side there is no 
bulging, but a straight sweep down to a comparatively level terrace, through 
which the stream forming the outlet of the lake has cut down for some distance. 
Whether the lake was formed by the landslip, or whether this was subsequent to 
the formation of the lake, I am not prepai’ed to assort dogmatically ; but this 
1 believe, that in past times there has been a great landslip from the slopes of the 
Kalikhan, and that on this old slip are placed the hospibil and convalescent depot. 

The recent slip shows clearly that a largo landslip can extend across and lill 
up a valley, and at the same time may show that mixtui'O of rocks of all sizes 
which forms one of the chief featui'cs of a moraine ; and it is not improbable 
that, under favourable circumstances, it might resist the wash of a stream over 
it and so form a permanent lake. In the case of Mulwa Tal, one would certainly 
suppose from the look of the ground that if its existence is not due to a landslip, 
yet the level of the water must at one time have been raised some twenty or thirty 
feet higher than it now stands, by a gimt landslip which has undoubtedly fallen 
from the hills to the east of the outlet in times which may not date further back 
than one or two hundred years, and are certaiuly later than much that geologists 
would speak of as recent. 

But if a lake is to he formed by a landslip, it must not merely be one of 
those which are eveiywhere to be seen, caused by the cuttings of a stream into 
the base of the slope, but rather one of those which take many years and even 
centuries preparing, as has been the case with this small one at Naini Tal, and 
which when they fall do not come down in a stream of fragments, but with one 
great rush, which would carry them right across the valley and raise the surface 
to such a height that, by the time the dammed-up water reached high enough to 
overflow, the debris would have had time for the water mixed with it to drain off 
somewhat, and would have settfed down sufficiently to withstand the wash of the 
stream running over it. Such cases have been known, but the dam has always 
given way; it is not inconceivable that in some cases which have happened 
in that remote past, of which we have no knowledge but what is written in the 
rocks, some few barriers so made wore able to stand and form what are now 
known as the Kumaun hikes. 
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Yet it must always be kcjit in mind that no theory which can be put forward 
to account for their formation can be considennl satisfactory, iinless it also 
accounts for the absence of similar lakes in other parts of the Himalayas ; for it is 
no explanation to say that this is due to the smallness of the drainage areas wliich 
supply the 1ak(;s, and the consequent small size of the streams Ho wing from them, 
for other poHions of tlic Himalaya aix) not devoid of small streams, nor can that 
which hows from Mulwa Tal be called small. 


NOTE. 

My youiigost collcagnc, Mr. liiclinrd 1). OliPumi, linppoiniig to be in Knmnnn nt tlic tiino, 
T fi.skcd him to pivr me an ncooiiiit of tbc disnairoiiH lundslip at N»ini Tal. Tlic fore^:oing ex- 
cellent ]mper is the result. It is Mr. Oldham's first contribution to the publications of the 
Survey ; and the accurate observation, strict rcusoiiing, and good form it evinces, give liigli promise 
of friiitrul work tocome. 

It will not bo amiss, on an occasion of such vital interest, to add a few remarks that occur to 
me, especially as suggested by the rejiort of the Cominitteo appointed hy tlie hocal Guvernnieni 

♦ o enquire into ilio condition of the Sberka'danda hill, a copy of which was sent to mo oificially 
at about the same time, ‘for information.* flic portion of the hill marked by the Counnittee as 
presently dangerous corrosjwnds very nearly witli that indicated by Mr. Ohlliain ; but tlieir ob- 
s<‘rvation8 would seem to have a wider extension, and to involve a larger area of nffeetcHl ground. 
Mr. Oldham was only thci’c for a few days, on his way to take up work for the season in Sinnnr, 
and ho probably confined bis attention t.o tint paHiculars of the event under discussion. 1 did not 
instruct, or expect, him to do more than he has done, the Survey not having been culled upon fur 
an exaniinntion of the gnmnd. 

It would be understood from the report of the Coininittce that the surface cracks, justly 
regarded as symptomatic of failing grouud, occur much beyond the area condemned, also the Com- 
mittee’s description of the geological structure of the liill would be taken in the same sense; it is 
as follows : — “ To the ordinary observer tlie bill sceins to consist of a core of rocky shale, the dip 
<»f the strata being to the south-west, at au angle varying from 30° to 60°. This core is covcnnl by 
varying thiekuesse.s of disintegrated shale and mud, in wliich are scattered boulders of limestone, 
and occasionally of trap, the whole of this crust being in its natural state bound together by a 
luxuriant growth of grasses, shrubs, and trees.” It docs not appear that this is thouglit an ntiusuul 
lomjxisition for the crest of a steep ridge, 7,000 feet in elevation. As applied to the dangerous 
ground, it would exactly suit the conditions described by Mr. Oldliani — the doconiposcd clay-shitc 
creeping down the hill side, carrying with it blocks detached from the occasional outcrops of harder 
rocks. It is scarcely possible under the circumstances that such a crust could be rock %n aitu, whether 
an enveloping shell of some uncoriformable dciiosit, or a condition, however dccomixisod, of the rocks 
described as the ‘ core.’ It can, in such a position, only have been formed from these latter by 
displacement, being either the remains of an old landslip, or the material in order of active 
preparation for a slip to come. In the former case the ground may be perfectly safe, in the latter 
it would be at least doubtful. If, then, this doscriptiou applies extensively, as might be inferred 
from the Committee’s report, the matter may be worth further consideration; for the premonitory 

* bulging/ BO effectively detected and described by Mr. Oldham, may not bo a necessary part of the 
performance. In the case of the condemned area, that feature is reasonably ascribed to the 
resistance so well presented at the base, where the slope tails off into the fiat ground at tlio head of 
the lake ; but where this condition does not obtmn, os along the lake shore to the south-east, 
a crisis might occur without that visible warning, although there would bo every reason to expect 
it to bo mild in comparison to what happens when an accumulation has occurred by bulging. 

Altogether, it is by no means unreasonable to hope that the practical judgment of the Com- 
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mittcc iniiy be well founded — that, except in the proscribed ground, security c«n be insured by 
))i’ 0 {>er precautionary measures. Mr. Oldham has expressed the same opinion. 

In the 30th September number of Nature, a-propos of the Naini Tal catastrophe, there is n 
jiicturesqne description of landslips in general. Tlic WTiter is evidently thoroughly informed 
upon the subject ho treats of, although grievously in error regarding the geological condition 
of Naini Tal, which is described as on the tertiary rocks. This mistake is unaccountable ; for 
the place is clearly shown on our geological sketch-map of India ns inside the Sub-Himalayan 
boundary. From the foregoing notice it will be plain that the Naini Tal slip cannot be classed 
with any of the particular cases mentioned in Nature. I have seen no fact to suggest that there 
is any predisiwsing plane of stratification connected with these slips. The contrary may, indeed, 
be affirmed; for although the general dip of the strata is stated to be south-westerly, the fre- 
quent contortion these slates have undergono almost forbids the supx) 08 ition of a continuous 
surface of any extent in a fixed direction, such ns is implied by tbfc action in question. 

The Naini Tal landslip of the 18th September was in fact, except on the score of mischief, 
a comparatively small affair, considerably loss in magnitude, as mentioned in Mr. Oldham’s paper* 
than several others that occurred at the same time in the Kumaun hills. 
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Biblioth^que Universelle. Archives des Sciences Physiques et Naturelles, Sme Pdriode, Tome 
III, No. 5 (1880), 8vo, Geneva, 

Bibliotheque Universelle et Revue Suisse, 3me Pdriode, Tome VI, Nos. 6 — 6 (1880), 8vo, 
Lausanne. 
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[voi, xrir. 

Dono7's. 


TV/A’.v of BooJcn. 

Doliinisoho Coiitralhljiit, Nos. 14 — 28 (1880), 8vo, Cassol. 

Uiiiversitjr Calendar, 1870-77 to 1880-81 (1876-80), 8vo, Caleutta. 

H. B. Medlicott, Bsq. 

Oiilentta University Minutes for 1875-76 to 1879-80 (1876-80), 8vo, Calcutta. 

H. B. Medlicott. Esq. 

Clicmical News, Vol. XLI, Nos. 1072—1074, and XLIT, Nos. 1075—1083 (1880), 4io. 
Txmdon. 

Colliery Guardian, Vol. XXXIX, Nos. 1016 — 1017, and XL, Nos. 1018 — 1025 (1880), fol., 
London. 

Das Ausland, Nos. 23 — 35 (1880), Roy. 8vo, Stuttgart. 

Geological Magazine, New Series, Decade II, Vol. VII, Nos. 7 — 9 (1880), 8vo., London. 

Iron, Vol. XV, Nos. 387—389, and XVI, Nos. 390—398 (1880), fol, London. 

Jahreshefte des Vereins fiir vaterlandischc Naturkunlc in Wurtteraberg, Jalirg. XXXVI. 
(1880), 8 VO, StuUgart 

Journal do Concliyliologie, 3rd Series, Vol. XX, No. 2 (1880), 8vo, Paris. 

Journal of Science, 3rd Series, Vol. II, No.s. 79 — 81 (1880), 8vo, London. 

Just, Db. Leop. Botanischer Jahresbericht, Jabrg. VI, Abth I, heft 1 (1880), 8vo, Bt'rlin. 
London, Edinburgh, and Dublin Philosophical Magazine and Journal of Science, 5th Scries, 
Vol. X, Nos. 69-61 (1880), 8vo, London. 

Mining Journal, with Suj)plement, Vol. L, Nos. 2337 — 2348 (1880), fol,, London. 

Naturae Novitates, Nos. 11 — 16 (1880), 8vo, Berlin. 

Nature, Vol. XXII, Nos. 664-665 (1880), 4to, London. 

Ncues Jahrbuch fiir Mineralogie, Geologic und Palaeontologie, Band II, heft 1 and 2 (1880), 
8vo, Stuttgart. 

Palaiontographica, Band XXVI, Lief 6 and 6 (1880), 4to, Cassel. 

Pctermann*s Geographische Mittheilungen, Band XXVI, Nos. 6 — 8 (1880), 4to, Gotha. 
Professional Papers on Indian Engineering, 2nd Series, Vol. IX, Nos. 37 and 37 A, Supple- 
ment (1880), 8vo, Koorkec. 

Thomason College of Civil Enotneebing. 

ijuartcrly Journal of Microscopical Science, New Series, Vol. XX, No. 79 (1880), 8vo, London. 
Zeitschrift fiir die Gesammten Naturwissenschaften, 3rd Series, Vol. IV, heft 1 — 6 (1879), 8vo, 
Berlin. 


GOVERNMENT SELECTIONS, &c. 

Boxibat. — Gazetteer of the Bombay Presidency, Vols, V and VI* (1880), 8vo, Bombay. 

Bombay Goveenment. 

„ Selections from the Records of the Bombay Government, New Series, No. 163. 

Papers relating to the completion of the Survey and Settlement of the 
City of Broach (1880), 8vo, Bombay. 

Bombay Govbbnment. 


iNDU.^Anniial Administration Befidrt of the Manipur Agency for 1878-79, No. 168 (1880), 
8vo, Calcutta. 


FoBEIGK DKFA.BT|iBNT. 

„ Damant, G. H.— Report on tlie Administration of the District ot the Naga Hills for 
1878^79 (1879), 8vo, Calcutta. 


Fobeign Defabtmsnt. 
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Titles of Books, Donors, 

India.— Report on the Administration of the Kliaai and Jaintia Hills for 1878-70, by Col. 
J. F. Sherer (1S79), 8vo, Calcutta. 

Foreign Department. 

,, Walker, Major-General J. T. — General Report on the Operations of the Survey 
of India during 1878-79 (1880), flsc., Calcutta. 

Home, Rev., & xVaur, Department. 

„ General Report on the Operations of the Marine S[irvoy of India for the year 
1878-79 (1880), tlsc., Calcutta. 

M artne Dicp vutment. 

„ List of Odicers in the Survey Dopartraonts on the Ist July 1880 (1880), fisc., Cal- 
cutta. 

Home, Rev., & Aoni. Department. 

„ Blanfoed, H. F. — Report on tho Meteorology of India in 1878 (1880), Ito, 
Calcutta. 

Meteor. Reporter to Govt, of India. 

„ Registers of original observations in 1879, reduced and corrected, April to June 
1879 (1880), 4to, Calcutta. 

Meteor. Reporter to Govt, of India. 


TRANSACTIONS, PROCEEDINGS, &c., OP SOCIETIES, SURVEYS, &o. 

Basel. — Abhandlungen der Schweizeriacben Paliiontologischen Gosollschaft, Vol. VI (1879), 
4to, Basel. 

Bata'Vta. — Natuurkundig Tijdschrift voor Nedorlandsch-Indie, Deel XXXIX (1880), Svo, 
Batavia. 

. The Society. 

„ Verhandelingen van hot BMaviaach Genootsebap van kuusten on Wctenschappen, 
Deel XXXIX, Stuk 2, and XLI, 1 (1880), 8vo, Batavia. 

The Society. 

Tijdschrift voor indisebo Taal-Land-en Volkeukunde, Deel XXV, Afl. 4-6, and 
XXVI, Afl. 1 (1879-8Q), 8vo, Batavia. • 

The Society. 

Notulcn van de Algemcene en Bestuurs-vergaderingon van hot Bataviaasch 
Genootsebap van kunsten en Wetenschappen, Vol. XVII, Nos. 2*4 (1879), 
8vo, Batavia. 

The Society. 

Register op de Notulen der Vergaderingen van het Bataviaasch Genootschap, 
1867—1878 (1879), 8vo, Batavia. 

The Society. 


Berlin.— Monatsbericht der Konig. Preusdsohen Akademio der Wissenschaften zu Beiiin, 


February to May (1880), 8vo, Berliu. 


The Academy, 


Zeitschrifb der Deutseben Geolo^schon Goscllschaft, Band XXXII, heft 1 (1880), 
8vo, Berlin. 


The Society, 
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Titles of Boo Jcs. Donors. 

Bombay. — Journal of the Bombay Branch of the Koyal Asiatic Society, VoL XIV, No. 37, 
(1880), 8vo, Bombay. 

The Society. 

Becsselb. — Bulletin de la Society Beige de Gdographie, No. 2 (1880), 8vo, Brussels. 

The Society. 

„ Ertboen, 0. VAN. — Textc Explicatif du Lovd Gdologique de la Plauchette de 

Boom et d* Anvers, with maps (1880) 8vo, Bruxelles. 

Comm. d. Carte GisoLooiQUE. 

„ Velge M. G. — ^Notice explicative servant do complement a la carte Geologiquc 
des Environs de Lcnnick,-St.-Quentin,withamap (1880), 8ro, Brussels. 

Geol. Comm., Belgium. 

Buuapebt. — Mittheilungen aus dem Jahrbuche der Kdn. Ungar. Geologischen Anstalt* Band 
111, heft 4 (1879), 8vo, Budapest. 

The Institute. 

Caen. — Bulletin de la Societd Linndenne de Normandie, 3rd Series, Vols. I & II (1877-78), 
8 VO, Caen. 

The Society. 

Calcutta.— Journal of the Asiatic Society of Bengal, New Series, Vol. XLVII, extra 
number to Part I of 1878, & XLIX, Part I, No. 2, & Part II, No. 2 (1880), 
8vo, Calcutta. 

The Society. 

„ Proceedings of the Asiatic Society of Bengal, No. VI (1880), 8vo, Calcutta, 

The Society. 

„ Memoirs of the Geological Survey of India, Vol. XVI, Part 2 (1880), 8vo, 
Calcutta. 

The Survey. 

„ Pafeeontologia Indica, Series X, Pai’t 5, & XIV, Part I (1880), 4to, Calcutta. 

The Survey. 

„ Records of the Geological Survey of India, Vol. XIII, Part 3 (1880), 8vo, 
Calcutta. 

Geol. Survey of India. 

Copenhagen. — Mdmoires do Y Acaddmie Royale de Copemhague, 6th Series, Vol. XT, No. 6. 
& XII, No. 5 (1880), 4to, Copenhague. 

The Academy. 

„ Oversigt over det kong. danske Videnskabernes Selskabs, 1879, No. 3, 

1880; No. 1 (1879-80) ; 8vo, Copenhague. 

The Academy. 

Dijon.— Mdmoires de Y Acaddmie desteSciences de Dijon, 3rd Series, Vol, V (1879), 8vo, 
Diijan. 

The Academy. 

Dresden. — Sitzungs — Beriehte der Naturwissenschaftlicben Gesellscbaft Isis in Dresden, 
Jahrg. 1878, July to December (1879), 8vo, Dresden. 


The Society. 
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Titles of Books. J)o}wes. 

Glasgow. — Trausactions of the Geological Society of Glasgow, Vol. I, Part 1 (1SB8); 11 
(1808) ; III, Part 2 (1869) ; IV, Part I (1871) ; and VI, Part I (1879) ; 8vo, 
Glasgow. 

Thk Society. 

Halle.- - Loopoldina der kais. Leop. Carol. Dents. Akademie dor Naturfovschor, Ifoft. XII 
(1876) to XV (1879), (1876-79), 4to, Halle. 

The Academy. 

,, Nova Acta Acadcmiae Caesarea} Lcopoldino-Carolina* Geri)ia)n«*{r Natnra' Curio- 
sorum, Bd. XXXIX & XL (1877-78), 4to, Halle. 

The Academy. 


Lausanne. — Bulletin dc la Socidtd Vandoise dcs Sciences Naturolles, 2n(l Series, Vol. XVT, 
No. 83 (1880), 8vo, Lausanne. 


The Society. 


London. — Journal of the Anthropological Institute of Great Britain and Ireland, Vol. IX, 
No. 4 (1880), 8 VO, London. 

„ Journal of the Koyal A.siatic Socict}^ of Great Britain and Ireland. New Series, 
Vol. XII, No. 2 (1880), 8vo, London- 


The Society. 


Journal of the Society of Arts, Vol. XXVIII, Nos. 1438 — 1460 (1880), 8vo, 
London. 

The Society. 

Palaeontograpliical Society’s Publication, Vol. XXXIV (1880), 4to, London. 
Proceedings of the Royal Geographical Society, Vol. II, Nos. 1, 2, 4 & 5 (1858), 
and New Series, Vol, JI, Nos. 6 7 (1858 & 1880), 8vo, London. 

The Society- 

Proceedings of the Royal Institution of Great Britain. Vol. IX, Paris 1-2, 
Nos. 70-71 (1879), 8vo, London. 

The Institute. 

Proceedings of the Zoological Society of London, Part 1 (1880), 8vo, London. 

The Society. 

Catalogue of Ihe Library of Ihe Zoological Society of London (1880), 8vo, 
London. 

The Society. 

Quarterly Journal of the Geological Society of London, Vol. XXXVI, Part IJ, 
No. 142 (1880), 8vo, London. 

The Society. 


Madbid.— Boletin do la Sociedad Geografica de Madrid, Vol. VIII, Nos. 5 and 6 (1880), 8vo, 
Madrid* 


The Society. 


Manchesteb. — Transactions of the Manchester Geological Society, Vol. XV, Pai-ts 14 — 17 
(1878 and 1880), 8vo, Manchester. 


The Society 
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Titles of Books. Donors. 

Melbourne. — Report of the Chief Inspector of Mines to the Hoii’ble the Minister of Mines, 
for 1879 (1880), flsc., Melbourne. 

Mining Dept., Victoeia. 

„ Rei)orts of the Minin" Surveyors and Registrars for quarter ending 31st 

March 1880 (1880), flsc., Melbourne. 

Mining Dept., Victoria. 

,, Transactions and Proceedings of the Royal Socieiy of Victoria, Yol. XVI 

(1880), 8vo, Melbourne. 

The Society. 


Moscow. — Bulletin de la Societc Imperiale des Naturalistos de Moscow, Vol. LIV, No. I 
(1880), 8vo, Moscow. 


The Society. 


Paris. — Bulletin de la Socidtd Gdologique de France, 3rd Series, Vol. VIII, No. 1, and 
Vol. VIII, Sdance Gdudrale Annuclle et Cdlebration du Cinquantenuire 
(1880), 8 VO, Paris. 

The Society. 

,, Comptes Rendus hebdoinadaires des Seances de TAcademie des Sciences, Vol. LXXVIl 
(1873) to LXXXVIIT (1879) (1873—79), 4to, Paris. 

The Academy. 


>» 


Mdmoires do TAcaddmie des Sciences dc I’liustitut de France, Vol. XXXTX 
(1877), XL (1870), and XLI (1879), 4to, Paris. 


The Academi. 


Mdmoiros prdsentes par divers Savants fi rAcaddmio des Sciences de I’lnstitut d(» 
France, 2nd Series, Vol. XXI (1875) to XXVI (1879) (1875—79), 4to, 
Paris, 

• The Academy. 


Rccueil do Mdmoircs Rapports et documents relatifs a rObservation du Passage 
de Vdnus sur le Soleil, Vol. I, Part I (1877) and IT, Part 1 (1878), 
(1877-78;, 4to, Paris, 

The Academy. 


Philadelphia. — Journal of tbe 'Academy of Natural Sciences of Philadelphia, New Series, 
Vol. VI, Part 4 (1809), 4to., Philadelpliia, 


The Academy. 


Journal of the Franklin Institute, 3rd Scries, Vol. LX XIX, No. 6, and 
LXXX, Nos. 1 & 2 (1880), 8vo, Philadelphia. 

The Institute. 

Proceedings of the Academy of Natural Sciences, Parts I — III (1879), 8vo, 
Philadelphia. 

The Academy. 


Pisa. — Atti della Societa Toscana di Scienze Natural!, Processi Verbali, 9 Maggio 1880, 
and 4 Luglio 1880 (1880), 8vo, Pisa. 

The Society. 


Rome.— ^Atti della R. Accademia dei Lincci, 3rd Series, Transunti, Vol. IV, fasc. 7 (1880), 
4to. Roma. 


The Academy. 



PAltT 4^.] 


A(ldif‘um.s fo the Lihran/. 
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Titles of Boohs, 'Di>nors. 
Home.— Hollettino del R. Comitato Geologico d’ltalia, Vol. X (1879), 8vo, Roma. 

Geol. Comm., Rome. 

Salem, — Bulletin of the Essex Institute, Vol. XI, Nos. 10—12 (1879), 8vo, Salem. 

The Institute. 

St. Peiebshueg. — Beitrage zur Kenntniss dcs Russischcn Reiches und der Angreuzcnden 
Lander Asions, Polge II, Band 1 (1879), 8vo, St. Petersbourg. 

The Academy. 


Sing ADOBE. — Journal of the Straits Branch of the Royal Asiatic Sociel^-, No. 5 (1880), 8vo.. 
Singapore. 


The Society. 


Vienna. — Jahibuchder Kais. Kbnig. Gcologischen Reichsanstalt, Band XXX, No. 1 (1880), 
8vo, Wien, 


The Institute. 


») 


Verhandlungcn der K. K. Geologischeii Reichsanstalt, Nos. 9 — 12 (1880), 8vo, 
Wien. 


The Institute. 


Washington. — Bulletin of the Philosox>hical Society of Washington, Vols. 1 (1874) to III 
(1880), Washington. 


The Society. 


Wellington. — Hutton, F, W\ — Manual of the New Zealand Mollusca (1880), 8vo, 
Wellington. 


Geol. Suevet of New Zealand. 


„ International Exhibition, Sydney, 1879. Appendix to Oflicial Catalogue of 

the Now Zealand Court (1880), 8vo, Wellington. 

Geol. Suevey of New Zealand. 

„ Transactions and Proceedings of the New Zealand Institute, Vol. XII 

(1880), 8vo, Wellington. 

^ The Institute. 

Yokohama.— Mittheilungen der DeutscLen Gcsellschaft fiir Natur und Volkerkunde Osta- 
siens, June (1880), fisc., Yokohama, 

The Society. 

„ Transactions of the Asiatic Society of Japan, Vol. VIII, Part 2 (1880), 8^0, 

Yokohama. 

The Society. 


Ociohet* 2Srdf 1880, 







